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CLINICAL AND EXPERIMENTAL 


THE SUPERIOR CERVICAL SYMPATHETIC GANGLION IN ANGINA 
PECTORIS; A MICROSCOPIC STUDY®* 


By Sam L. Cuark, Pu.D., Str. Lovis, Mo. 


HE location of the pathology of the chronic form of angina pectoris 

(Wenekebach') the exact source of the pain, and the best means of treat- 
ing the disease or syndrome, whichever it may be, are the basis of questions 
yet to be answered. In the hope of adding a little to the accumulating store 
of information about angina we have examined the superior cervical sympa- 
thetic ganglia removed at operation from patients suffering with the disease, 
and have compared them with control specimens for possible histologie dif- 
ferences. As the relief from symptoms after superior cervical sympathectomy 
is not vet satisfactorily explained, it will be well to review briefly the réle 
which this ganglion could play in angina pectoris. 

McCullough? has recently given a good review of the surgical treatment 
of angina. Ranson,* in a careful review of the various pathways of the neuro- 
logie mechanism underlying the symptoms of the disease, points out that sen- 
sory fibers can be traced through the sympathetic nervous system because of 
their relatively large size and distinct myelin sheaths. Sensory fibers from 
the eardiae plexus pass through the vagus nerve and the white rami of the 
upper three thoracic nerves, the latter groups also occurring in the stellate 
canglion, the middle and inferior cervical ganglia; but not in the upper por- 
tion of the eervieal sympathetie trunk, the superior ecervieal ganglion, or 
the superior eardiae nerve. These facts were demonstrated histologically by 
Edgeworth* and Shawe’ in the dog, by Ranson and Billingsley® in the eat, and 
physiologieally by Langley? in the cat. In the ease of the human, Ranson 
States, ‘‘The nerves removed from patients suffering with angina normally 
show, on histologic examination, no large sensory fibers in either the cervical 
sympathetie trunk or the superior cardiae nerve which descends from the 
superior cervical ganglion to the eardiae plexus. In one case, however, a few 


*From the Department of Histolocy and Neuroanatomy of Washington University. 
Received for publication, June 7, 1927. 
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were found in both these nerves, but it is possible that they may have come 
from the vagus through the branches of communication between the nodose 
and superior cervieal sympathetic ganglia.”’ 

The superior cervical sympathetic ganglion, among other funetions, sends 
efferent fibers (accelerator) to the heart, and, according to Wiggers,> vaso- 
constrictor fibers to the coronary arteries and aorta, but apparently does not 
transmit sensory fibers from the cardiae plexus. This would seem to be borne 
out in the human by the experiments of Leriche,” since he could produce 
symptoms like those of an attack of angina by stimulating the first thoracic 
sympathetic ganglion, and could abolish attacks of angina by anesthetizing 
Stimulation of the superior gang 


the lowest cervical sympathetic ganglion. 
°) but no indication of reflex 


lion produced pain in the jaw and face (Leriche' 
is produced by such stimulation if the connection between this ganglion and 
the nodose ganglion of the vagus is broken (Langley, and Jonneseo et 
loneseu''). Schittenhelm and Kappis’™ failed to relieve the pain of angina by 
injection of anesthetic into the upper part of the svympathetie trunk or supe- 
rior cervical ganglion or the vagus, while injection of the stellate ganglion 
brought relief. Singer'’ found that extirpation of the stellate ganglion pro- 
dueed anesthesia of the heart and aorta as far as the left subclavian artery. 

From the literature on the surgical treatment of angina pectoris we see 
that almost every variety of operation from bilateral removal of the cervical 
and upper thoracie portions of the sympathetic system to the cutting of one 
small nerve has produced results. The original operation of Jonnesco em 
bodied a principle that has been used by many others since, that is, the opera- 
tion was designed to cut the afferent fibers from the heart and thereby stop 
the passage of painful impulses. Coffey and Brown,"* however, decided on a 
different approach, and obtained relief from all symptoms of angina by the 
removal of the superior cervical sympathetic ganglion, which they now think 
may be due to the cutting of an efferent pathway to the heart. Holmes and 
Ranson'® explained the beneficial results of this operation, which they also 
found effective, on the hypothesis that the pain in angina is due to spasmodic 
constriction of the coronary arteries, and that removal of the superior cervical 
ganglion with the superior cardiac nerve ‘‘prevents spasmodie vasoconstric- 
tion, and, therefore, stops paroxysmal pain, but is without effect on pain 
eaused entirely by structural changes.”’ 

The advisability of any operative procedure for the relief of angina! 
symptoms should be based on the location of the pathology and the origin o| 
the symptoms. As has been pointed out, the solution to this problem is yet 
to be found. The pathology has been located in the myocardium (Macken 
zie™*), in the aorta (Albutt), and the coronaries. Head’s™ studies on referred 
pain have demonstrated that pain referred from the aorta has a distributio 
over cervical segments 3 and 4, and thoracie segments 1, 2, 3 (and 4?), the 
peripheral area which is affected in angina pectoris; while pain referred from 
the heart valves or myocardium shows its effeets in segments for the most 
As the coronary plexus arises from the aortie plexus 


part lower in the thorax. 
embryologically, pain from the coronaries could not be distinguished from that 
This would seem to indicate that whatever patholog) 


arising in the aorta. 
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of angina pectoris, the pain stimulus originates in the aorta or coronaries. 
Singer could produce pain by stimulating the adventitia of the coronaries or 
the aorta, the latter being especially sensitive to stretching, and pain from 
the epicardium and pericardium, but could not produce pain by stimulation 
of the heart musele or endocardium by mechanieal, chemical, or electrical 
methods. He also observed that an increase in blood pressure caused dilata- 
tion of the bulb of the aorta, a fact which may be significant in angina. 
Ilead'® observes that tension is the most effective stimulus of any hollow 
organ, and Wenckebach states that whatever ‘‘stimulates the action of the 
heart, increases its output, or raises the blood pressure, causes the pain’’ in 
cases of angina pectoris. 

Nathanson'’ emphasizes that coronary disease may or may not accompany 
angina and vice versa. Though there has been no demonstration of a definite 
pathology of the coronaries which is always associated with angina pectoris, 
this does not preelude the possibility that the’ pain stimulus arises from them. 
It should be evident that the pathologie cause of the anginal pain is not neces- 
sarily acting at the point of origin of the pain. For example, if the pain is 
due to spasmodic contraction of the coronaries, the pain stimulus arises in 
the coronary walls, but the cause of the spasm could be an irritative lesion in 
the superior cervical sympathetic ganglion, the central nervous system, the 
stellate ganglion, or in the pathways between these points, or some factor 
acting on the sensory endings in the heart or vessels. Danielopolu’’ credits a 
physiologic explanation of the pain as due to inadequate coronary circulation, 
and its effects on the heart wall, but supposes a vicious cirele of reflex stimu- 
lation originating in fatigue toxins in the heart to account for the phenom- 
enon. Penfield?’ suggests a theory of ‘‘reflex pain’’ supposing an axone re- 
flex from the heart which would cause vasoconstriction throughout the area 
supplied with efferent fibers from one or more sympathetic ganglia, and the 
peripheral vasoconstriction would then stimulate the somatic end organs for 
pain, 

There has been little attention paid to the study of the ganglia removed 
rom anginal patients. Ormos** describes the changes in the sympathetic 
cvanglia from three fatal cases of angina, finding pigmentation of the nerve 
‘ells, degeneration of some nerve cells and fibers, an increase in the connee- 
ive tissue around the blood vessels and nerve fibers, and some lymphocytic 

‘filtration. One of these patients was 78 years old, another 72, and the 
hird, though the age was not given, had suffered from angina for nine years. 
rmos claims that the degeneration of the ganglion cells is primary and is fol- 
iowed by changes in the coronaries. Sinee then Shawe,** in well-controlled 
xperiments, found that experimental irritation of the vagus, the superior 
‘rvical sympathetic nerve, or the depressor nerve in the rabbit will result in 
ndarteritis of the aorta, more particularly of the first part of the aortie 
rch. It is econeeivable that the beginning of such changes even before they 
ere demonstrable microseopically might stimulate pain fibers in the vessels, 
or cause spasmodie contraction which would stimulate pain fibers, or account 


for insufficient coronary circulation. 
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Staemmler** examined ganglia removed at operation from eases of vaso- 
motor neuroses, and three cases of angina pectoris. The patients were respec- 
tively 60, 52, and 56 years old. He reports that in the ganglia from two of 
the patients a majority of the cells were normal, but some were swollen and 
had lost nuclei, and that the total number was decreased. In addition, the 
connective tissue was increased and there was some lymphocytic infiltration. 
The ganglia from the third case were negative. He further points out that 
the same changes were found in ganglia from cases of Raynaud’s disease. 

Obendorfer®® stated that the changes described by Staemmler were not 
specific for angina pectoris and were not different from the appearance of 
ganglia from old individuals. Terplan*® examined the sympathetic ganglia 
from a great many cases of a variety of diseases, acute and chronic, and 
agrees with Obendorfer that there are no specific changes in ganglia from 
anginal patients and that changes described come within the limit of normal 
variation. 

The ganglia we have studied are from six cases operated upon by Dr. 
Graham at Barnes Hospital and an additional one (Case 7) sent in from out- 
side. While the descriptions are based on the superior cervical sympathetic 
ganglia, it must be stated that more than that ganglion was removed. In 
most cases as much of the cervical sympathetic trunk and superior cardiac 
nerve were excised as could be reached. This included the middle cervical 
ganglion in some eases, and, in one ease in which an atypical ganglion was 
found, the trunk was removed to a point below the clavicle. It is evident, 
therefore, that in some eases sensory fibers from the cardiae plexus were re- 
moved as well as the efferent group from the superior cervical ganglion. <A 
brief account of the cases follows: 


CasE 1.—Male, age sixty-seven, for about a year had had attacks of rather typical 
anginal pain beginning over the heart and radiating to the left arm. At operation a large 
atypical ganglion described as extending from the mastoid process to below the clavicle was 
removed from the left side. Until the time of his discharge from the hospital, he was free 
from further attacks. Eight months later he was readmitted with a earcinoma of the rectum. 
He died from bronchopneumonia after the establishment of a colostomy. He had been free 
from further anginal attacks since the sympathectomy. 


CasE 2.—Male, age fifty-eight, for six months had attacks of substernal pain which 
radiated into both arms, hands, and up into neck and face. The pain was most marked on 
the left side. At operation the left superior and middle cervical sympathetic ganglia and 
intervening portion of the trunk were removed. After a short period the pains returned, 
though they were said not to be so severe. In addition a buzzing of the ears came on and 
persisted. When seen one year later, the patient stated that he was much improved and had 
had only a few slight attacks of cardiac pain. He stated also that he was glad that he had 
had the operation. 

Case 3.—Male, age fifty-one. For six months the patient had severe substernal pain. 
This was a case of aortitis, and removal of the left superior ganglion and trunk did not 
permanently relieve the symptoms, as they returned on the third day following the operation. 
A laminectomy was performed later and dorsal roots 1, 2, 3 and 4 were cut. This brougli' 
relief, but the pains returned on the right side and the patient gradually failed and die 
two months later. Autopsy showed an advanced syphilitic aortitis and a generalized arterio 
sclerosis, including the coronaries. The sympathectomy was performed on this patient largel) 
as an experimental precedure, the patient having complete understanding, because of the in 


tractable pain. 
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CASE 4.—Male, age sixty-five. For about two years the patient had suffered from at 
tacks of pain which radiated into both shoulders and which was relieved by amyl nitrite. 
The pain finally spread into both arms and hands, but there was no feeling of suffocation 
or pressure, and no pain over the heart or substernally. The right superior cervical sym 
pathetic ganglion and part of the trunk were removed, resulting in relief for the patient. 

CASE 5.—Male, age forty-eight. For more than two years the patient had typical 
attacks of anginal pain gradually increasing in severity. The left superior cervical sym 
pathetic ganglion, the superior cardiae nerve, and some of the trunk were removed at opera 
tion. The pain was relieved except for a very slight pain in the left arm, which was not 
severe enough to bother the patient. When seen eighteen months later the patient had been 
carrying on his normal office work for more than a year without discomfort and had also 
married. 

Case 6.—Male, age sixty-one. Had suffered from anginal attacks for about five months. 
The left superior cervieal sympathetic ganglion, the superior ecardiae nerve, and several 
centimeters of the trunk were removed, but the patient died suddenly a few hours later, while 
sitting up in bed talking to his wife. 


Case 7.—We have unfortunately only the ganglicn and trunk and no history. 


An analysis of the cases shows there was one (Case 3) of syphilitic aorti- 
tis, and five more or less typical cases of the chronie form of angina pectoris. 
Of these five, one (Case 6) died after the operation and before it was possible 
to determine its effectiveness, and four experienced various degrees of relief. 
Case 1 was relieved but since in this one was found the atypical ganglion 
which was removed with the trunk to a point below the clavicle, it is possible 
the relief obtained could be due to destruction of sensory pathways from the 
cardiae plexus. Case 2 experienced some relief, but the pain was originally 
bilateral and has persisted in part in a rather severe form. In this case 
sensory pathways were undoubtedly destroyed in the removal of the middle 
cervieal ganglion. Case 4, in which the pain was not substernal but in the 
shoulders and arms, was relieved by a right cervical sympathectomy. Case 5 
had the typical anginal attacks, and great relief followed the operation, only 
a slight endurable pain occurring at times in the left arm, but in this case as 
also in Case 7 more than just the superior cervical ganglion was removed, 
and sensory pathways were possibly cut. The operations performed on the 
above eases differed therefore from those of Coffey and Brown, in which only 
the superior cervieal ganglion was removed. 

In the study of the ganglia from the above cases we have attempted to 
observe the size and shape of the nerve cells, the amount of pigment, the state 
of the Niss] material, the relative number of capsule cells, the amount of con- 
nective tissue, the condition of the blood vessels, and the presence of leuco- 
‘vtes. The ganglia from operated cases were compared with superior cervical 
‘vmpathetie ganglia from normal dogs, and from autopsies of three patients 
vho had not had angina. One of these patients was a boy ten years old, who 
had suffered from rheumatie fever. The ganglion showed one or two small 
areas of lvmphocytie infiltration, but was otherwise normal and well pre- 
served. Terplan showed that of the ganglia from 28 eases of acute infectious 
disease, twenty showed no changes at all, and the changes in all but two of 
the remaining eight could be considered negligible. Another of the ganglia 
from autopsies was that of a man aged 63 who had a tumor of the thyroid 
which obstructed the esophagus, and who died in a state of extreme emacia- 





106 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


tion, weighing less than 70 pounds. Though there was an apparent increase 
in the pigment of the cells of this ganglion it was otherwise normal in appear- 
ance. 

Method.—Parts of ganglia and intact ones were prepared by the pyridin- 
silver method. Others were fixed in Bouin’s or Zenker’s solution, and others 
in 5 per cent acetic acid in 95 per cent alcohol. Following Zenker’s or Bouin’s 
solution sections were stained with hematoxylin and eosin. After the acetic 
alcohol mixture some sections were stained with toluidin blue for Nissl gran- 
ules and others with hematoxylin eosin. In addition to these methods, por- 
tions of the sympathetic trunk were stained with osmie acid in three eases and 
yielded interesting results. 

The results of the histologic study of the sections of the seven superior 
cervical sympathetic ganglia and the one middle cervieal ganglion from Case 2, 
stained by the pyridin-silver method, with toluidin blue, and with hematoxylin 
and eosin, were essentially negative so far as a specific pathology associated 
with angina pectoris is concerned. It is true there was considerable brownish 
pigment in the cells of some ganglia, especially in those from older individ- 
uals, in which a majority of the cells were pigmented. This pigment stained 
black with osmic acid. There was also pigment in numerous cells in the 
ganglia of a ten-year-old boy who died of rheumatic fever; and Terplan, et al., 
have pointed out that pigment increases with age. There were occasional 
examples of lymphocytic infiltration in small areas of the connective tissue of 
Cases 2 and 3, though this was not found in other cases, and was found in 
ganglia from nonanginal patients. The Nissl material in a few cells of each 
ganglion showed a chromatolytie change, but this occurs in normal ganglia 
of both sympathetic and cerebrospinal type. Characteristically the Nissl ma- 
terial of the cells of the superior cervical sympathetic ganglion is arranged in 
a peripheral ring with only a few cells showing seattered granules in the 
rest of the cytoplasm. This point distinguishes the ganglion in section from 
the nodose ganglion of the vagus with which it is intimately bound, since the 
cells of the latter contain medium sized Nissl granules evenly seattered 
through the cytoplasm. There was no increase in the connective tissue of the 
ganglia, nor any apparent change in the number or size of cells or fibers as 
compared with control ganglia. The blood vessels did not show any evident 
arteriosclerotic change, though they were congested in a few instances, no 
doubt as the result of the operative procedure. 

One of the most interesting findings in the series was in the osmie acid 
preparations. <A portion of the cervical sympathetic trunk just below the supe 
rior cervical ganglion from each of three cases was stained in osmie acid and 
studied for myelinated fibers. In such a section could be made out different 
fascicles which could be identified according to their content of nerve fibers 
As described by Ranson and Billingsley this portion of the sympathetic trunk 
shows a field of myelinated fibers of uniform small size. (Fig. 1 C.) They 


are preganglionic fibers passing to the superior cervical ganglion. Associated 
with the actual sympathetic trunk are nerve bundles which contain postgang 
lionie fibers such as make up the superior cardiac nerve, for example, which 
course with the trunk for a short distance. These bundles of postganglionic 
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libers are for the most part unmyelinated (Fig. 1 A), though a very few are 
of the small myelinated variety. In each of the osmie acid preparations we 
observed small clumps of large myelinated fibers (Fig. 1 B) which resembled 
those sensory fibers traced by Edgeworth, Ranson, and Shawe from the ear- 
diae plexus through the lower sympathetie connections. They measured from 
10 to 16 micra in diameter and were therefore distinetly larger than the small 
myelinated fibers of the sympathetic trunk which averaged about 4 micra in 
diameter. There were two or three clumps of these large fibers with an oeea- 
sional solitary one, the total number being thirty or more in one section. 
The majority of these large fibers occurred in fascicles of postganglionic un- 
myelinated fibers, and the occasional ones which were mingled with the pre- 
ganglionic group were rather near the edge where there were small clumps of 


unmyelinated postganglionic fibers. 











Fig. 1.—Sympathetice trunk just below the superior cervical ganglion. Osmic acid. X 100. 
i, Unmyelinated (efferent) bundles. 2B, Clump of large myelinated fibers. ©C, Small myelinated 
fibers of the sympathetic trunk proper. 
Concerning the origin and course of these large myelinated fibers we ean 
it present only speculate. One series of preparations ineluded a section of 
the sympathetic trunk below the point where the superior cardiae nerve sepa- 
rates from it and the clumps of large fibers were absent at this level. Higher 
1) this series the fibers were present in a section which ineluded the lower 
ole of the superior cervical svmpathetie chain in connection with the superior 
ardiae nerve or some small nerve nearby. Because of the size of the fibers 
would hardly be reasonable to suppose that they were postganglionic fibers 
rom the superior ganglion. ‘They are most probably sensory fibers, and if so, 
robably come from some cerebrospinal nerve. Langley states that the vagus 
nds half a dozen to a dozen nerve fibers to the superior cervical svympa- 
hetie ganglion and that a few myelinated fibers from the glossopharyngeal 
erve sometimes enter the head end of the ganglion. Experimental reflexes 
through the vagus from stimulation of the superior cervical sympathetic 
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ganglion have been demonstrated by Langley, Jonnesco and lonescu. The 
latter authors* also suggest a possible sensory pathway from the heart through 
the vagus to the superior cervical sympathetic ganglion and then to the cord 
by way of the rami communicantes of the upper cervical nerves. Langley ob- 
serves that in the eat the depressor nerve contains ‘‘an appreciable number of 
sensory (pain) fibers’? and suggests that this may be so in man. It is not 
beyond the range of possibility that these large fibers we have observed 
belong to the much disputed depressor nerve. As stated above, Ranson ob- 
served a few large myelinated fibers in the cervical sympathetie trunk and 
the superior cardiac nerve from at least one patient. Further investigation 
may show that these fibers are of more constant occurrence than has been 
supposed. 


SUMMARY AND CONCLUSIONS 


From the histologic study of the ganglia from the above seven cases, we 
can safely say that no changes specific for angina pectoris have yet been 
demonstrated in the superior cervical sympathetic ganglia. Though there 
may not be changes in the ganglia recognizable under the microscope, the 
pathology may be located in the superior cervieal ganglion. The relief from 
anginal pain obtained by removal of the ganglion has not yet been given 
a satisfactory explanation. The idea that it is due to severing the vasomotor 
pathway to the coronaries and aorta is as yet only a hypothesis. There has 
been no conclusive proof given of the existence of such a vasomotor pathway. 
Relief obtained from operations which are different from that of Coffey and 
Brown in that more than the superior cervical svmpathetie ganglion is removed 
might be explained as due to interference of known sensory pathways from 
the heart which exist in the lower portions of the cervical sympathetic trunk. 

Clumps of large myelinated fibers resembling the sensory fibers of other 
parts of the sympathetie nervous system were present in the postganglionie bun- 
dles bound with the cervical sympathetie trunk at the inferior pole of the supe- 
rior ganglion in the three eases examined. The origin and course of these 
fibers is not known. 

This paper has been written with the aid of material furnished by Dr. E. 
A. Graham, and with the friendly eriticism of Dr. S. W. Ranson, both of whom 


we sineerely wish to thank. 
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HYPOGLYCEMIA 
With AND Witnout INsvuuixn: Wirit aNp Wirrnour SyMpToMsS 
By Benjamin [. Assure, M.D., AND Herman O. Mosentuan, M.D., 
New York, N. Y.. AND GrorGe GinsperG, M.D., Hopoxen, N. J. 

KE DESIRE to report on three patients recently observed with low blood 

sugars, two with the symptoms usually associated with hypoglycemia, 
and indueed by insulin, the other patient free of such symptoms and never 
having had insulin.t 

CASE 1.—R. S., woman, aged 65, diabetes mellitus complicated by gangrene of the left 
foot. 

She was receiving insulin, five units three times a day, while on a diet containing 60 
gm. of earbohydrate, 45 gm. of protein, and 105 gm. of fat, a total of 1407 ealories. 
The blood-sugar values were distinetly above normal (Table I), when suddenly, while on the 
same diet and treatment, the patient became comatose, developed a right facial paralysis 
and left hemiplegia, and stertorous respiration. The blood sugar at this time was 0.027 
per cent (27 mg. per 100 ¢@e.). Insulin was discontinued and glueose foreed by mouth 








and intravenously; 50 gm. of glucose were administered by stomach tube and 200 e.ec. of 
TABLE I 
CASE 1 
BLOOD | INSULIN — — DIET | TOTAL 
DATE SUGAR UNITS PER CH | PROT. | FAT | CALOR- REMARKS 
PER CENT) pose! DAY cm. ; cM. | om. | JES 
10/5/26 0.133 a | | 
1] 0.192 D 1 | 60 | 45 105 | 1407 | Urie Acid 2.4 Blood 
| | Urea N, 12.0 Chemistry 
12 0.129 5 15 60 45 105 1407 | 
13 0.194 5 15 60 15 105 | 1407 | 
15 | 0.126 5 15 60 45 105 | 1407 | 
16 0.141 5 15 60 45 105 1407 | 
18 0.027 0 0 Sudden Coma and Hemi- 
plegia. Relieved by 
glucose by gavage and 
| intravenously. 
19 0.223 0 0 60 45 105 | 1407 | 
21 0.174 0 0 60 45 | 105 | 1407 | 








*From the Department of Medicine, New York Post-Graduate Medical School and 
Hospital. 

Received for publication, June 7, 1927. 

+The blood chemistry determinations in Cases 1, 2, and 3 were carried out by the 
Department of Laboratories, New York Post-Graduate Medical School and Hospital. 
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25 per cent glucose solution intravenously. The patient became conscious during the infusion 
and the palsy disappeared. The next day the blood sugar was 0.223 per cent, and three days 
later, 0.174 per cent. She left the hospital improved. 


Case 2.—A. S., male, aged 38, chronie nephritis with anemia and renal insufficiency, 
uremia, resulting in death. The patient had searlet fever as a child. He accidentally dis- 
‘covered albumin and casts in his urine while a medical student, sixteen vears ago. Since then 
. chronie diffuse nephritis with progressive hypertension, anemia, and renal insufficiency 
has developed. He was admitted to the New York Post Graduate Hospital on September 
28, 1926, with a history of nausea, vomiting, vertigo, headache and muscular twitchings 
of arms and legs for four days preceding admission. The blood pressure was 224/140, 
the blood urea nitrogen, 76.8 mg. per 100 ¢.c., the CO, combining power of the blood, 
54.8 volume per cent and the blood sugar 0.063 per cent. Treatment was instituted to 
combat the uremia. The patient received a high starch diet and a Murphy Drip of 400 
e.c. of 5 per cent glucose solution was given per rectum. 

The blood sugar taken two days later was 0.030 per cent (30 mg. per 100 ¢.c.). This 
determination was checked on another blood specimen and found to be correct. The patient 
was conscious and mentally normal; the twitehings and nausea and vomiting continued; 
the tremors, however, being less frequent and less violent than on admission despite the 
very low blood sugar. The further observation that the twitching and nausea were present 
when, after intravenous glucose injections, the blood sugar was 0.750 per cent (750 mg. 
per 100 ¢.c.) leads us to conclude that these symptoms were not those of hypoglycemia, 
but of uremia which finally caused the death of the patient. Despite progressive nausea 
and vomiting and the increasing development of uremie coma, the blood-sugar later never 
dropped below a normal level. It must be remembered that this patient never used 
insulin. See Table IT. 


CASE 3.—Mrs. L., a woman aged 70, diabetes mellitus, chronic interstitial nephritis, 
hypertension; blood sugar was zero during a hypoglycemic reaction. Despite the seriousness 
of her case, she did not cooperate with her physicians. She did not adhere to her diet and 
frequently omitted her insulin injections, making it very difficult to keep her under control. 
On Oct. 27, 1926, her blood sugar was 0.260 per cent and CO, combining power 27 volume 
per cent. She received 10 units of insulin at 9 A.M. and at 1 P.M. 15 units of insulin. At 
this time 120 ¢.c. of orange juice were given by mouth. At 4 P.M. the procedure followed 
at 1:00 P.M. was repeated. Her symptoms (headache, nausea, flushed cheeks, and coated 
tongue) improved. Two and one-half hours after the last insulin injection (see Table ITT), 
the patient was bathed in a profuse cold sweat; she was semicomatose, moaning and ir- 
rational, with jerking movements of the extremities. The temperature was subnormal, and 
the pulse weak, thready at a rate of 136 to 140 per minute. She had vomited a greenish 


TABLE IIT 


CASE 3 


BLOOD BLOOD INSULIN ORANGE 








DATE HOUR SUGAR CO, UNITS JUICE SYMPTOMS REMARKS 
% %/VOu. 
Headache, flushed cheeks, 
10/26/26 Evening ; 10 -_ nausea, dry skin, coated 
tongue. 
10/27/26 9:00 A.M. 0.260 27 10 - 
1:00 P.M. - 15 120 e.e. 
4:00 P.M. - 15 120 e.c¢. 
6:30 P.M. 0.000 ~ ~ ~ 
Profuse sweat, semicoma, 
irrational, jerking extrem- 
9:00 P.M. _ ; _ 7 ities, feeble pulse, rate 136. 


Improved after atropine, 
adrenalin, digalen, orange 
juice. 

10/28/26 9:00 A.M. 0.045 50 - _ Rational, feeling well. 
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fluid and a little orange juice. The blood sugar at this time was zero (as determined by 
the biochemist S. Senn). There was absolutely no reduction of the alkaline copper solution 
by the Folin-Wu method. The test was repeated with the same result. The patient 
improved after having 1 c.c. of adrenalin-echloride solution and 1/150 grain of atropine 
sulphate by hypodermic injection followed by forty drops of digalen. She was soon able 
to retain small amounts of orange juice by mouth. At 9:00 P.M. of the same evening she 
was rational and in fairly good condition. The blood sugar at 9:00 a.M., the following 
morning (Oct. 28) was 0.045 per cent and the CO, combining power 50 volume per cent. 
The patient was perfectly rational and felt very well. Table IIIT summarizes the data on 
her case. 

A ease similar to our third, is that reported by Millard Smith,’ of a boy 
of four years, in whom, at the height of an insulin reaction, the blood was 
found to contain no sugar at all by the latest Folin-Wu method for blood 
The boy had been given his breakfast and twelve units of insulin. 


sugar. 
When awakened three hours after the insulin 


One hour later he was sleepy. 
he was drowsy, irritable, his eves were drawn to one side, his skin was moist, 
pale and cyanotic, and his pulse rate 135. He vomited his breakfast and 
some orange juice and the observation is recorded that his color and stupor 
improved after vomiting. As the author of this report states, regarding the 
boy’s blood, ‘‘there was not the slightest reduction of the alkaline-copper- 
tartrate solution during the boiling, nor of the phosphate molybdate reagent 
The blood sugar was zero. The determination was later re- 


when added. 
The boy recovered and no further hypo- 


peated with the same result.’’ 
glycemic symptoms were noted. 

The comment of Stanley R. Benedict on an experimental result is worth 
recording. In a dog with convulsions following insulin injection, the blood 
sugar was 27 mg. per 100 e.c. by the Folin-Wu method (old) and 16 mg. by 
Benedict’s alkaline-copper method. Stating that even the figure 16 mg. was 
too high, Benedict regarded the blood of the dog ‘‘as free from glucose.’’ 


SYMPTOMS AND SIGNS 


The following is a summary of the accepted symptoms and signs of hypo- 
glycemia as reported by the Toronto school and others.* * The patient usually 
first became aware of hunger, or a sense of fatigue and weakness at a blood- 
sugar level of about 0.07 per cent. It was noted that, while the extent of 
the fall of the blood sugar was somewhat dependent upon the initial blood- 
sugar level as well as the dosage of insulin, the intensity of the reaction to 
any given quantity of insulin could not be predicated accurately. The hunger 
was followed by anxiety, nervousness or the so-called ‘‘inward trembling,”’ 
though, usually, no actual visible tremors were noted. This feeling of ap- 
prehension was sometimes accompanied by loss of emotional control in which 
the patient became excited or experienced erying spells; a lack of coordina- 
tion of fine movements was noted as well as aphasia, confusion, disorientation 
and delirium; vasomotor phenomena were frequent: pallor or flushing, at 
times alternating, dilated pupils, a sense of heat or chilliness, a rapid pulse 
which was thought to be especially true in children, almost always a profuse 
perspiration, as characteristic a symptom of the later stages of the reaction 
as hunger and weakness were of the earlier. When the blood-sugar level 
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reached 0.03 per cent, the patient was usually in coma, with hypotonia, loss 
of deep reflexes, low temperature, and convulsions at times terminating 
fatally. As inconstant signs, deafness and difficulty in articulation were noted. 

We believe that the cases whose histories have been cited, as well as the 
review of the literature, demonstrate that the signs and symptoms of hypo- 
elycemic reaction are subject to wide variations. It is particularly important 
to realize this, as serious consequences for the patient may arise if this is 
not taken into aecount. The suppression of conscious control and the sub- 
stitution of automatie activity is especially embarrassing and dangerous. 
Thus we have one patient, a young woman of twenty years, who has been 
treated for diabetes for eight years. She now requires small doses of in- 
sulin, five or six units, twice a day; this dosage in the normal individual 
is usually not productive of any reactions. In her ease, however, if a meal 
is delayed too long, or for no accountable reason, she becomes an automaton, 
voluntary control of thoughts and actions, and memory are absolutely lost 
for the time being. One evening she administered her insulin and boarded a taxi- 
cab; subsequently she has no recollection of her actions until she was seated at a 
large dinner table, the banquet half finished, and many of the guests aston- 
ished and amused at her behavior and conversation. In other cases, patients 
have wandered about a theater during the performance, have stood in the 
middle of traffic in a crowded street, have become violent, attempting to 
break up furniture and resisting interference, and have exhibited various 
manifestations that make it evident that in certain individuals especial super- 
vision must be considered, for the same type of symptom is prone to recur 
in each person. It is not desired to convey the impression that these oecur- 
rences are common—in fact, they are rare—but they must be taken into 
account as possibilities and due allowance made for them, and proper meas- 
ures instituted with such patients. Sometimes these episodes are amusing, 
at others dangerous to the individual, and, under certain circumstances, as in 
the case of men of national prominence, may become a menace when policies, 


speeches and actions are threatening or ludicrous. 


BLOOD-SUGAR LEVEL 


We have observed several cases in whom the hypoglycemic reactions 
occurred while the blood sugar was at a normal, or even higher than normal, 
level. One of these we were fortunately able to follow through such a re- 


action; the details are given in Table IV. 


TABLE IV 


MODERATE HYPOGLYCEMIC REACTION AT A BLOoD-SuGAR LEVEL OF 0.075 PER CENT AND 
HIGHER IN A CASE OF DIABETES MELLITUS, PATIENT AGED 40 YEARS 


NSULIN 3LOOD-SUGAR 
TIME — — ppvrctagies - REMARKS AND SYMPTOMS 
UNITS PER CENT | 
9:00 A.M. | 0.183 Fasting throughout 
9:00 A.M. | 10 
11:00 A.M. | 0.075 Weakness, pallor, perspiration, tremor of hands 
1:00 P.M. 0.083 Same symptoms but less marked 


3:00 p.m. | 0.111 Comfortable but still weak 
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Considering the eases reported in Tables Il and IV, it can be definitely 
concluded that hypoglycemic reactions may occur at normal blood-sugar levels 
(Table IV) and may remain absent even when the glycemia is markedly de- 
pressed (Table Il) (as low as 0.030 per cent, in the present instance). 

Children apparently tolerate hypoglycemia much more readily than adults. 
We have had one case in a boy, aged twelve, in whom a reduction of the blood 
sugar by insulin from 0.326 per cent to 0.052 per cent in three hours resulted 
in no hypoglycemic manifestations. Dr. Lewis Frissel mentioned a similar in- 
stance to one of us in which the blood sugar dropped to about 0.040 per cent. 
The blood sugar in children is generally lower than in adults. The average 
figure observed by Mertz and Rominger,’ four hours after the children’s meal, 
was 0.081 per cent in healthy infants, irrespective of age and mode of feeding. 
It is perhaps because of the low blood sugar characteristic of normal children 
that they may have a very low sugar level with few or no symptoms after 
insulin administration. Thus Genevieve Stearns’ records the figures in two 
diabetic children, after insulin, of 0.036 per cent, 0.042 per cent and 0.025 
per cent with no symptoms at all at first, and at 0.025 per cent drowsiness, 
flushed appearance, free perspiration and inability to walk alone, though the 
child was conscious. In the second child, the only symptom was drowsiness 
with blood-sugar determinations reading 0.030 per cent, 0.033 per cent and 
0.034 per cent. 

It becomes apparent that in adults hypoglycemic reactions may oceur at 
fairly high blood-sugar levels and not necessarily with low concentrations ; 
in children, usually, the percentage of glucose in the blood must be very 
much depressed before symptoms become manifest. 

While the subject of hyperglycemia has been extensively investigated both 
before and since the discovery of insulin, the study of hypoglycemia is more 
recent and closely associated with the discovery of insulin, though Fischler,’ 
in 1913, described the weakness and convulsions produced in rabbits while 
lowering their blood sugar by fasting, phlorhidzin, or epinephrin. He also 


reported the recovery of the animals after infusions of glucose and termed 


‘ 


their previous condition ‘‘glycopraeval intoxication.’’ 


INANITION AS A CAUSE OF HYPOGLYCEMIA 


Inanition is one of the earliest known causes for hypoglycemia. Abstinence 
from food, especially when coupled with excessive consumption of the body’s 
storage of glycogen and glucose (as occurs in hard exercise and vomiting). 
appears to be one of the common reasons for unexpected and even marked 
lowering of blood sugar. Case 2, reported above, may come in this category ; 
in this instance the vomiting may have been a contributory factor in lower- 
ing the blood sugar to 0.030 per cent. Guy* observing children, noted a dis- 
tinetly lower blood sugar after vomiting. Joslin® reports a nondiabetie with pro- 
longed undernutrition produced by partial pyloric obstruction present over 
a period of years. This patient, three hours after a meal, had a blood sugar 
of 0.05 per cent. 

In treating epileptic children by fasting, Talbot, Shaw and Moriarty’® 
observed that the blood-sugar readings fell remarkably, as for example, to 
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38 mg. per 100 ¢.c. in one child, who, as a result, was frightened and nervous, 
experienced oppression and pain in the chest and throat, and vomited. <An- 
other child’s blood-sugar level fell to 48 mg. per 100 ¢.c. All the children 
were relieved by feeding glucose. In spite of the definitely low blood sugar, 
clinical symptoms were absent in most of the children. 

The investigation of the runners in the Boston Marathon Race by Levine, 
Gordon and Derick'® '? in 1924 and again in 1925, furnishes an example of 
the effect. of extreme physical effort; blood-sugar figures as low as 0.045 per 
cent were obtained, and the symptoms of exhaustion when analyzed closely 
resembled those of ‘‘insulin shock.’’ The addition of sugar to the diet of 
the same participants in the race of the sueceeding year appeared to ameliorate 
some of these symptoms. 

The inability of the body to absorb glucose (fasting in another aspect), 
may also have some bearing on the production of hypoglycemia. Mertz and 
Rominger® record that the absorption of dextrose is least in ‘‘dried out”’ 
infants. This may explain the observations of Guy* that whereas the normal 
sugar levels were 0.060 per cent to 0.090 per cent, those of ‘‘atrophie’’ in- 
fants, three to four hours after meals, went as low as 0.037 per cent. Low 
blood figures were reported by Chapin and Mvers' in ‘atrophic, intoxicated”’ 
children. 

Lack of water content in the body may have been one of the factors in 
bringing about hypoglycemia in the cases just mentioned; indirectly, it may 
produce inanition. The following cases, in adults, tend to confirm the idea 
that loss of fluid in the body may be responsible for such results. In a case 
of dehydrating diarrhea observed by Lin and Chang Hsio'™ in China, a blood 
sugar of 0.075 per cent was obtained with carpopedal spasm, rigidity of the 
abdominal muscles, tremor of the body. pallor, profuse cold perspiration, 
weak and rapid pulse, numb and stiff face and extremities. The authors 
question whether or not the cramps occurring in cholera are not due to a 
low blood sugar. In diabetic inanition, Joslin'’ reports a case complicated 
by diarrhea and tapeworm where the blood sugar fell to as low as 0.017 per 
cent shortly before death. In children, a compensatory effect of water and 
glucose has been noted: in the fasting children with low blood sugars studied 
by Talbot, Shaw and Moriarty,'’ so long as large amounts of water were 
ingested and excreted there were but few subjective symptoms, whereas the 
material diminution of water intake indueed flushing, anxiety. languor and 


abdominal pain—all eapable of relief by glucose ingestion. 
SUMMARY 


1. The eases reported in this paper demonstrate that hypoglycemia may 
develop with marked suddenness both in diabeties and nondiabetics, in pa- 
tients receiving comparatively small doses of insulin and those who have 


never had insulin. 

2. The symptoms accompanying the depression of the blood sugar vary 
a great. deal; they may resemble those characteristic of other diseases and 
lead to ineorrect diagnoses as, for instance, the hemiplegia of our first case. 
Especial attention is called to the serious situations created when hypo- 
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glycemia, brought on by insulin administration, results in loss of voluntary 
control with resultant irresponsible actions. 

5. There may be no symptoms though the blood sugar be very low (0.30 
per cent, in one of our adult cases); such instances apparently are not very 
rare in children, but occur infrequently in adults. On the other hand, in 
certain individuals hypoglycemic reactions manifest themselves, though the 
blood sugar be at the aecepted normal levels (0.75 to 0.083 per cent in a 
reported case). 

4. One diabetic patient is reported whose blood sugar after moderate 
insulin therapy (45 units in twenty-four hours) was at the zero level. 


5. Inanition and dehydration are discussed in their relation to the pro- 
duetion of hypoglycemia; these factors may have been responsible for the 


low blood sugar found in one of our eases. 
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THE RELATION BETWEEN CARDIAC REACTIONS TO DRUGS AND 
THE Py OF THE BLOOD. 2. EXPERIMENTS WITH MERCURY* 


By WILLIAM SALANT AND J. Ernest NApLER, AUGUSTA, GA. 


AN STATED in a recent communication’ from this laboratory, changes in 
the Py of the blood modified the reaction of the heart to eaffeine. More 
extensive studies have since been made in this laboratory to ascertain whether 
variations in the Py of the blood produced similar effects on the response of 
the heart to other substances. In the present report which deals with the 
results obtained in experiments with mereury succinate, observations have also 
been made to determine whether the reaction of the heart to the alteration of 
the Py of the blood was the same after and before the administration of mer- 
cury. In addition investigations have been conducted on the effect of respira- 
tory changes on the action of mercury. 

The experiments were performed on cats anesthetized with urethane. Mer- 
cury succinate was given intravenously each cubic centimeter containing the 
equivalent of 0.2 mg. mercury, the injections being made into the femoral vein 
from a burette at intervals of fifteen minutes. To reduce the Py one and more 
rarely 0.25 to 0.5 per cent hydrochlorie acid; or 2 to 5 per cent sodium acid 
phosphate or both were administered in the same way. For increasing the 
alkali of the blood 2.5 per cent sodium carbonate was injected. The Py of 
the blood was ascertained by the same method as in the investigation referred 
to above. 

In studies with mercury compounds made some years ago in this labora- 
tory? it was found that it produced a characteristic effect on the cireulation. 
After 2 to 4 mg. of mercury, in the form of suecinate, were injected 
intravenously, the blood pressure fell suddenly, almost to the base line in 
most experiments, and after one to three minutes an equally sudden rise of the 
blood pressure occurred. This peculiar effeet was usually observed after a 
latent period of about three minutes. The effect of each additional injection, 
after the attack once occurred, was increased both in severity and duration 
and sometimes recurred at frequent intervals. When the mereury salt was 
given to eats with the heart exposed by removing the anterior wall of the 
thorax and under artificial respiration, larger doses were tolerated but, as 
before, the attacks occurred regularly after about the same interval and 
lasted two to three and sometimes four minutes or longer. 

The behavior of the heart was as follows: The attack was ushered in 
by depression of the auricles which very frequently amounted to complete 
inhibition, the ventricles being also depressed, but not nearly to the same 
extent as the auricles for they usually contracted, though the beats were 

*From Department of Physiology and Pharmacology, Medical Department, University 


of Georgia. 
Received for publication, June 17, 1927. 
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very much slower and not much decreased in strength. The depression of 
the ventricles, however, was also considerable in some experiments. Besides 
eardiae depression we also noticed heart block, dissociation, group contrac- 
tions and extrasystoles. These, it may be reealled, were deseribed by Salant 
and Kleitman® in experiments on the isolated frog and turtle hearts when 
perfused with mereury salts. It may be pointed out, however, that the heart 
of these animals differed in some respects in its reaction to mereury from 
that of the cat heart in situ. The auricles in the frog and the turtle con- 
tinued to beat some time after the ventricles stopped. Kxactly the reverse 
occurred in the eat. Of interest also is the observation that delirium cordis 
noticed in the turtle heart, seldom occurred in the eat. 

The time of appearance of symptoms of poisoning by mercury in eats 
while taking place regularly after an interval of about three minutes grew 
less after several doses have been given until the latent period was redueed 
to a few seconds. The duration of the individual attaeks was, on the con- 
trary, increased. Thus in one experiment the first attack lasted three minutes 
but the duration of the sixth was eight minutes. In some experiments re- 
peated attacks oecurred when the minimum toxie dose had been exceeded. 

The total amount of mercury required to provoke the typieal symptoms 
varied considerably, but was never less than 3 mg. per kg. and only in one 
experiment was the effect obtained with this amount. In the rest of the ex- 
periments this occurred after 4 to 5 mg. per kg. and sometimes 7 to 8 mg. 
per kg. have been injected before the first definite sign of mereury poisoning 
was observed. The fatal dose showed much less variation. Arrest of the 
heart was usually produced by doses of 7-to 9 mg. per kg., but in one experi- 
ment the fatal dose was 11 me. and in another more than 14 mg. per kg. 
(Table I). The probable reason for the inereased resistance in these experi- 
ments will be discussed later. 

Quite different was the effect of mercury when the Py of the blood was 
artificially changed by the intravenous administration of sufficient amounts 
of acid or alkali. Although the action of mercury was not always qualita- 
tively different from that produced in controls the quantitative difference 
was often very considerable. This applies particularly to experiments with 


acid and mereury. We observed early in this investigation, while it was still 


in its preliminary stage, that the administration of 1 mg. of mercury per kg. 
Ss 


given after a moderate amount of acid promptly arrested heart aetion. 4 

the first test was made on a cat that had already received several doses of 
mereury, an experiment was carried out in which a sufficient amount of acid 
was given before the administration of mereury was begun. Ten e.c. of 1 
per cent hydrochloric acid were injected into a eat weighing 3.3 kg. Heart 
action was depressed, the auricles being inhibited for about fifty seconds but 
the heart completely recovered within three minutes after the injeetion of 
acid. The introduction of 1 mg. mereury per kg., as suecinate, into the 
femoral vein paralyzed the heart immediately after the injection was finished. 
Although the same amount of mereury in proportion to body weight proved 
to be less effective in other experiments, indisputable evidence of decreased 
resistance produced by acid was obtained. One milligram mereury as sue- 
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TABLE I 
SHOWING TOXICITY OF MERCURY 
TOTAL AMOUNT OF MERCURY PER KG. IN MILLIGRAMS 


MARKED DEPRESSION 


EXP. SIMPLE DEPRI SION AND IRREGULARITY DEATH 
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a 
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+ 3 94 3 
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pa 601 6 14* 
Fe) 602 5 11} 


NEITHER 


*Survived 8 mg. per kilo. 

Artificial respiration increased. 
cinate, per ke. when Injected after hydrochloric acid greatly depressed the 
auricles, and the ventricles without producing, however, cardiac irregularity. 
That the increase of the Py, of the blood rendered mercury more toxie was 
shown in nine other eases. The typical effeet which, as described above, con- 
sisted of cardiae depression, irregularity and very often arrest of the heart, 
was produced in seven experiments with 1 to 2 mg. of mereury per kg. In 
another cat this was observed only after the third injection of mereury or 
after a total of 3 mg. per kg. On the other hand 3 mg. and indeed even 1 
me. was fatal in two eats of this series. That the toxicity of mercury may 
also be greatly increased by weak acid was shown in one of these experi- 
ments. In this ease 0.5 instead of 1 per cent hydrochloric acid as in the 
cther experiments was given before mercury, the Py of the blood being re- 
duced 0.13. The first dose of mercury succinate provoked an attack of the 
heart. the auricles being inhibited for nearly three minutes while the con- 
tractions of the ventricles during this time were greatly decreased in force 
and frequeney. 

We observed, however, that in some experiments larger amounts of mer- 


cury were required to produce the effects deseribed in spite of the adminis- 
trations of acid. It oceurred to us that the amount of air introduced into 
the lungs might be a causal factor. New experiments were therefore insti- 
tuted to test this suggestion. The results obtained indicated that the toxicity 
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of mereury was affected by varying the pulmonary ventilation. When this 
was greatly increased mercury was less toxie notwithstanding the adminis- 
tration of acid; this being especially the case when dilute acid was injected. 
On the other hand when pulmonary ventilation was lessened, mercury after 
acid was much more toxie. The effect of pulmonary ventilation was also 
studied in experiments in which mereury alone was given. It was found that 
when respiration was increased much larger amounts of mereury could be 
given. In one experiment more than 14 mg. per kg. were tolerated, in an- 
other 11 mg. per kg., whereas the maximum fatal dose under moderate 
artificial respiration varied between 7 and 9 mg. per kg. (Table I). The 
beneficial or detoxicating effects of increased pulmonary ventilation was also 
observed even after alkali had been administered. The explanation of the 
effect of the greater volume of air on mereury poisoning when the alkalinity 
of the blood is inereased will be diseussed later. 

Brief descriptions of the following experiments will help toward a better 
appreciation of the results diseussed above. 


Experiment 613.—Cat, male, weight 3 kg. Urethane anesthesia, Pu of the blood was 
7.47, 2:53 P.M. to 3:26 P.M.; seven injections 5 ¢.e. each were made of 1 per cent hydro 
chlorie acid. The last injection depressed the auricles and slightly also the ventricles, but 
no significant changes occurred after the previous injections. Fifteen e¢.c. 1-5000 mereury 
succinate given two minutes after the last dose of acid, when the heart began to improve, 
produced considerable depression of the auricles and to a lesser extent also of the ventricles. 
The heart recovered completely in 4 minutes. Three more injections administered 15 
minutes apart, made subsequently, had no effect on the heart but the fifth injection 
after acid produced eardiae depression again, from which the heart recovered 

In another experiment mereury was very toxie in spite of increased respiration. This 
experiment differed, however, in several respects from the others of the series. Heart action 
was not appreciably affected by acid of which 0.15 ¢.c. per kg. was given, but a few minutes 
after 10 ¢.c. blood were drawn from the carotid artery, heart action became very weak, thi 
contractions of the auricles being very feeble. After some improvement, a dose of 1 mg. 
of mercury was given. This depressed the auricles, but did not affeet the ventricles. The 
next injection was more effective, while the third was fatal. Although the results of this 
experiment show that increased P, (the Py after the last injection of acid was 7.15 
increased the toxicity of mercury in spite of increased pulmonary ventilation the typical 
changes produced by mercury were absent. 

As the results of this experiment might have been accidental two other cats were give: 
mereury administered after acid while maintaining only a moderate degree of pulmonar) 
ventilation. After sufficient amounts of acid had been injected mercury produced effects 
similar to those observed in our earlier experiments. In one cat the second dose of mercur) 
succinate caused moderate depression, the third was followed by a mild attack, typical of 
mereury, but the heart recovered. The fourth produced an attack which lasted ten minutes. 
This, too, was followed by recovery. The next injection was rapidly fatal. The toxicity 
of mercury was even greater in another case, an attack, though mild, occurred after tli 
second injection. This was more severe after the third and was fatal when the fourt! 
dose was given. 

That increased Py of the blood may become very harmful was shown 


when acid was injected after mercury. We observed in one of our earlier 


experiments that small amounts of acid given after the administration of 
mereury greatly depressed the heart, especially the auricles, which in several 


instances stopped contracting. In one experiment this occurred when 2 e.c. 
1 per cent hydrochloric acid were injected after 4 mg. mercury had been 
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given. In the same experiment two doses of 5 ¢.c. of the acid injected two 
minutes apart before mereury, was without effect on the auricles and caused 
sight temporary depression of the ventricles. These injections of hydro- 
chlorie acid, it may be remarked, were given after 49 ¢.¢. 2.5 per cent sodium 
acid phosphate. Similar effects were noticed in other experiments when 
mereury was followed by acid. In one cat which received two doses of mer- 
cury of 1 mg. per kg., 5 ¢.¢. 1 per cent hydrochloric acid depressed the 
auricle and to a less extent also the ventricle. The results were corroborated 
when the same dose was repeated four minutes later. In each case the 
ventricles recovered but the effect on the auricles persisted. After a lapse of 
another four minutes the same amount of acid was given. This rapidly de- 
pressed both the auricles and ventricles. The auricles were paralyzed within 
one minute after the injection while the ventricles continued to beat feebly 
one minute longer. The effect of acid was even more drastie in another ex- 
periment. Six injections of 5 ¢.¢. each of 1 per cent hydrochloric acid were 
given three to four minutes apart. In no ease did any appreciable change 
in heart action oceur, which was probably due to the high alkalinity of the 
blood in this eat. Nine e.e. of mercury succinate or 5 ¢.c. per kg. were then 
injected. This depressed the auricles, slightly also the ventricles immediately 
after the injection. Irregularity which was transitory, developed later. Both 
recovered, however, in about three minutes after the injection. Ten minutes 
after the mercury another injection of 1 per cent hydrochlorie acid was begun. 
This stopped the heart promptly when scareely 5 ¢.c. were given. In several 
other experiments which were performed later, the same results were ob- 
tained and in one of these 2 ¢.¢. 1 per cent acid given three minutes after a dose 
of 1 mg. mereury per kg. paralyzed the heart, while two injections of the 
same amount of acid when given before the last dose of mereury produced 
only a slight transitory depression. 

In this connection the results of two experiments may be given in which 
acid was injected simultaneously with the usual dose of mereury. In both 
cases heart action was promptly depressed whereas the same amount. of acid 
alone administered before mercury produced very moderate depression in one 
and practically no effect in the other experiment. Sinee some injections of 
mereury given subsequently had no effeet it is evident that the changes ob- 
served were due to the combined action of acid and mereury. 

Tests were also made to ascertain the influence of increased alkalinity of 
the blood on the reaetion of the heart to mereury. Although the effect was 
not as striking as with acid, the evidence obtained indieated inereased resist- 
ance. The protective action of alkali was manifested in some experiments 
when the typical attacks following the administration of mercury were sup- 
pressed by the subsequent injection of sodium carbonate. In one experiment 
symptoms of mereury poisoning developed after a total of 2 mg. mereury per 
ke. had been given. Several injections of carbonate were then made and the 
Py of the blood which was now determined showed that it was distinetly 
greater than at the beginning of the experiment. Three more injections, of 
1 mg. mereury per kg. failed to provoke an attaek. After the administration 
of sufficient amount of acid to reduce the alkalinity to normal, another dose 
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of mercury, the same size as before, was given but this failed to produce the 


usual effeet. In another experiment similar results were obtained with alkali 


and mereury. The results, however, were not as uniform as in the ease of acid. 

We observed that alkali may also decrease the resistance to mereury. In 
this ease 50 ¢.e. 2.5 per cent sodium carbonate were given at the beginning 
of the experiment before the administration of mereury. The first injeetion 
was without effect, but the second dose of mercury produced the characteristic 


changes in the heart. Determination of the Py showed that the blood was 
markedly alkaline and well above normal. 


carbonate was given after a total of 7 mg. mereury per kg. had been injected, 


In another experiment in which 


cardiac depression oceurred, the effect being most marked on the auricles. 
DISCUSSION 


That the effect of mercury on the heart was greatly influenced by altering 
the hydrogen-ion concentration of the blood was abundantly shown in these 
experiments. It should be added, however, that a considerable variation in 
the size of the effective dose of mercury was observed in some cases although 
there was little or no difference in the Py, of the blood. The interesting ob- 
servation, however, was made that the toxicity of mereury was greatest when 
the Py was 7.35 to 7.15 and also when it reached a value of 7.65. Furthermore 
our studies indicate that it is not so much the absolute amount of hydrogen 
ions in the blood which is the determining factor as the change in eaeh in- 
dividual ease. The same increase or reduction in the Py of the blood may be 
equally effeetive in modifying the action of mercury. 

As pointed out in the preceding pages, increased pulmonary ventilation 
played an important role in modifying the effect of mereury. This is readily 
explained in view of the lessened amount of hydrogen ions retained by the 
blood. Evidence was obtained, however, showing that the increased tolerance 
was not wholly due to greater alkalinity of the blood for heart action was 
greatly improved by increased pulmonary ventilation after the injection of 
sodium carbonate. Also, in experiments in which mereury alone was given, 
increased respiration was associated with a pronounced augmentation of toler- 
anee. Whereas the fatal dose of mercury was ordinarily 7 to 9 mg. per kg. 
this was increased to 11 to 14 mg. per kg. upon inereasing pulmonary ventila- 
tion. Hence the greater amounts of oxygen which was thus provided probably 
constitute an additional factor in raising the threshold of toleranee for 
mereury. 

The inereased toxicity of acid after mercury, described above, may be ex- 
plained by the presence of mereury in the blood and also in the heart at the 
time of the injection of acid since this metal is very slowly eliminated and 
tends to be cumulative. It is probable, therefore, that the heart is injured 
and is thus more sensitive to acid. This would also explain the behavior of 
the heart when the two compounds are given simultaneously. We noticed in 
some eases, particularly when dilute acid was given, mereury injected subse- 
quently sometimes behaved as in experiments without acid. This we believe 
may be accounted for by the rapid neutralization of acid by the alkali in the 
tissues and elimination by the lungs and kidneys. 
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SUMMARY 


1. Small amounts of mereury in the form of succinate, administered intra- 
venously into anesthetized cats produce cardiac irregularity, depression and 
arrest of heart action, which occur after a latent period of about three minutes 
The latent period decreases and the duration of the 
Complete recovery 


and last several minutes. 
attack increases with successive injections of mercury, 
may occur even after prolonged cessation of contraction. 

2. Acid given in sufficient quantity before mereury greatly increases the 
toxicity of mereury. The amount of mercury necessary to produce the charac- 
teristic changes in heart action may be only half to a third of the dose required 
to cause the same effect without aeid. 

3. Very small quantities of acid are toxie even after moderate amounts of 
mereury. 

4. Alkali confers protection against mereury, provided moderate amounts 
only are given. If sufficient alkali is introduced to inerease the Py of the 
blood by about 0.2 above normal, mercury becomes more toxic. 


5. Increased pulmonary ventilation increased the resistance to mercury. 


It was suggested that the effect was due to a deerease of the Py of the blood 
as well as greater amounts of oxygen. 
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THE HEMOLYTIC PROPERTIES OF THE AUTOLYSIS PRODUCTS OF 
GASTROINTESTINAL MUCOSA, CONSIDERED IN CONNECTION 
WITH THE PROBLEM OF PERNICIOUS ANEMIA* 


By Beaumont S. Corneuyu,t M.D., Bavtrimore, Mb. 





YFELDT’ showed that the autolysis products of various intestinal bacte- 





ria, particularly B. coli, had a definite hemolytie effect when injected 






into rabbits, and produced in 9 rabbits out of 15 a marked macrocytie anemia 






with megaloblastic bone marrow changes. ‘To attempt to relate such experi- 






mental findings to the etiology of pernicious anemia reflects, perhaps, the 






viewpoint expressed by Adami,? when he suggested that this disease was due 






to subinfection by special strains of the colon bacillus group. 






It has long been recognized that the autolysis products of various bodily 






tissues are not only toxic but to some degree hemolytic. Mason and Davidson*® 






showed that liver and spleen autolyzing in the peritoneal cavity of dogs ex- 





erted a profoundly toxie influence resulting frequently in early death and, 





in any ease, affecting quite definitely the chemistry of the blood. Bradley* 





reviewed the whole question of tissue autolysis and suggested that autolytie 






processes may be concerned more intimately than now believed in the mech- 





anism of disease. 





In pernicious anemia, quite apart from any stated process, the gastro- 





intestinal mucosa has long been suspected of giving rise to the disease. 
Iloward® stressed this aspect of the study in 1911. Previously Berger and 







Tsuchiya® isolated from the intestinal mucosa in persons dead of the disease 






a lipoid fraction which was eapable, on parenteral injection into animals, of 






producing a macrocytie anemia, and was found to be ten times as potent as a 






similar fraction from other corpses. By producing an artificial diarrhea in 






dogs and then extracting their intestinal mucosa, a very similar lipoid fraction 
was obtained. Cornell? noted during an attempt to implant B. welchii in 









dogs’ intestines by feeding massive eultures of the organism, that the initial 






diarrhea which resulted was soon followed by an anemia of transient charac- 





ter but showing definite macrocytie morphologic disturbance of the red blood 





cells. Burns and Dixon® seek to relate the severe diarrhea oceurring in 30 per 






cent of eases of pernicious anemia to some alteration in the lipoid metabolism 





of a easual nature. Haden® suggests that a pathologie state of the intestinal 






mueosa may be capable of giving rise to a toxin which may cause pernicious 





anemia. It is unnecessary to remind the reader of the severe pernicious-like 






anemia which may attend gastric or colonie cancer, or sprue, or dibothrio- 






cephalus infection; in all of these diseases the intestinal mucosa is either the 
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Seyderhelm’® produced a macroeytic anemia in dogs by artificially instituting 
a chronic stenosis of the lower ileum. Meulengracht'! has collected eight in- 
stances of pernicious anemia associated with intestinal stricture. Chapman 
and Duff’ report the disease in a woman who previously had what appeared 
to be paralytic ileus. Logan’* found the Balantidium coli in the stools of a 
group of cases of pernicious anemia. All these various observations may con- 
ceivably be overemphasized and their significance overrated but it is obvious 
that one of their common denominators is the intestinal mucosa. 

Such suspicion of the digestive tract mucosa as a possible etiologie fac- 
tor in the disease, while but vaguely formulated, is strengthened by the con- 
stitutional absence of function on the part of the gastric mucosa in all eases. 
Again, the mucosa of the tongue undergoes atrophy in 45 per cent of cases. 
Atrophy is not an invariable finding in the gastrie mucosa (Faber and Bloch," 
Passey'’) but absence of function is virtually a constant finding. There is no 
evidence that the intestinal mucosa undergoes atrophy or even infection. The 
gastric mucosa always presents inflammation whether atrophy is present or 
not. 

The general problem arising from these considerations is, first of all, 
whether the gastrointestinal mucosa is the seat of any abnormally active 
process. The further problem of whether any such process is related etio- 
logically to the disease is somewhat further afield to inquire. 

There is no indication that autolysis of this membrane occurs in pernicious 
anemia to any significant extent. Autolysis is a self-digestion of a cell due to 
the activity of its intracellular enzymes, and oeceurs when the normal physio- 
logic balance of the cell is sufficiently upset by interference with its blood or 
nerve supply. 

The present investigation was undertaken in order to gain information 
regarding the effect on the blood of the autolysis products of gastrointestinal 
mueosa. It includes in vitro and animal experiments. Sinee the protocols 
cover 100 pages of typed notes, and since the results are not sufficiently im- 
portant to require expanded descriptions, they will be presented in abbrevi- 
ated form. 

RESULTS 


Saline extracts of fresh mueosa of the stomach and duodenum of the rab- 
bit have no hemolytie or size-altering effect on the washed erythrocytes of 
the same animal when ineubated at 37.5° C. for one hour. When portions of 
rabbit’s stomach, liver, duodenum and spleen are allowed to autolyze at 
37.5° C. for 18 hours, the digests in isotonie saline, especially those of the 
stomach, duodenum and spleen, when mixed with washed rabbit erythrocytes 
and ineubated for one hour at 37.5° C.. exert a peculiar effect on these erythro- 
evtes, viz., they cease to retain the globular shape which they assume in saline 
alone, and expand to a normal dise shape but of wider diameter than normal. 
Commercial pepsin in saline exerts no such effect on rabbit erythroeytes. It 
was also determined that a change in the P, of a normal saline solution over 
a range from 5.2 to 8.4 had no such form-altering effect on these cells. The 
digests of duodenum, liver and stomach also exerted a definite hemolytie effect 
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on washed rabbit cells, while that of spleen did not. The two factors to be 
ruled out were the toluol used in the digests and the question of infected 
digests. Toluol itself exerted no form-altering or hemolytie effect on washed 
erythrocytes. The digests from which the toluol was completely evaporated 
were just as active in both respects as before. Aerobie and anaerobic cultures 
of the digests showed only a gram positive bacillus, the cultures of which 
failed to exert any influence on the erythrocytes. It appeared therefore that 
digests of rabbit duodeum, stomach and liver, made under toluol, for 18 hours, 
exerted a form-altering and hemolytic effect on washed erythrocytes in vitro. 

The factors in these digests responsible for the hemolytic and = form- 
altering effects were not active enzymes since boiling them did not remove the 
effeet, nor were they precipitated with the protein. Their effect could be quite 
easily neutralized by the addition of fresh or inactivated human or animal 
blood serum. 

The injection into rabbits, subeutaneously or intravenously, of the digests 
of rabbit’s or cow’s duodenum produced mild anemia, slow in developing, 
characterized by a fall in the hemoglobin percentage and the red blood count, 
leucopenia, blood platelet reduction, and a moderate degree of macrocytosis. 
Practically no difference resulted whether these digests were first boiled or 
given unheated; the blood picture resulting suggested merely a toxie depres- 
sion of the hemopoietic tissues. 

A somewhat elaborate division of the digest of cow’s duodenum into 4 
lipoidal fractions was made, but none of these separately, nor in any ecom- 
bination, produced more than a macroeytie, aplastie anemia when injected 
parenterally into rabbits. 

It was then sought to determine the effect on the blood by placing freshly 
removed rabbit organs within the peritoneal cavity of rabbits. Carefully 
determined equal weights of liver, spleen, stomach wall, duodenal wall, heart 
musele, kidney, and skeletal muscle were used, each being placed in the perito- 
neal cavity of rabbits of equal weight, the peritoneum closed and the blood 
observed for some days subsequently. These experiments were thrice repeated 
and the following results noted: 

1. The greatest abnormalities in the blood, when such abnormalities oc- 
curred, were noted in all cases on the fourth day after operation. 

2. Slight oligoevthemia was produced in all rabbits except those receiv- 
ing liver and skeletal muscle. In both these cases the red blood counts were 
increased. Marked oligocythemia occurred in those rabbits receiving duo- 
denum and stomach, sometimes to the extent of 30 to 50 per cent of the ori- 
ginal blood count. 

3. The hemoglobin percentage was reduced in all rabbits except those 
receiving kidney, in which case it was inereased. Rabbits receiving duodenum 
and stomach showed most pigment reduction (from 10 to 30 per cent). 

4. All rabbits except those receiving kidney and liver showed leucopenia. 
Those receiving kidney and liver showed some increase of leucocytes. The 
most marked leucopenia developed in those receiving duodenum (loss of 41 
per cent), spleen (loss of 62 per cent), and heart muscle (loss of 66 per cent). 
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5. The only morphologic changes in the red blood cells occurred in those 
rabbits receiving duodenum and stomach. In these cases, the macrocytosis on 
the third to fifth days was often extremely marked, sometimes in the presence 
of anemia and sometimes with little accompanying anemia. Active regenera- 
tion of the marrow was indicated by increasing reticulocyte counts from the 
second to the fifth day in these cases. 

It was determined by 50 control experiments that this anemia with maero- 
cytosis produced by introducing stomach or duodenum into the peritoneal 
‘avity did not depend on autolytie activity. The teehnic uniformly employed 
throughout was as follows: 

The fresh stomach or duodenum (or other organ) was removed, opened, 
washed in running sterile saline, weighed, and then placed in toluol till ready 
to use. It was placed in toluol to kill microorganisms and usually remained 
there for thirty minutes. Then it was removed from toluol, thoroughly washed 
again in running saline and finally placed in the peritoneal cavity of a rabbit. 

In the control experiments it was discovered that the stomach or duo- 
denum could be heated to 80° (. for 30 minutes after removal from toluol, 
without in any way interfering with the effect on the blood of the rabbit into 
which it was subsequently introduced. Furthermore, the mucosal scrapings, 
either heated or unheated, produced the same effect on the blood. But if no 
preliminary contact with toluol was permitted to take place, the organ or its 
mucosal scrapings had no effect on the blood, whether they were heated or 
unheated. On the other hand, toluol by itself was repeatedly injected intra- 
peritoneally in 0.5 ¢.c. doses without etfeet on the blood. 

The most reasonable explanation of the phenomenon was as follows: 
There exists in the mucosa of the stomach and the duodenum some thermo- 
stabile substance which is capable, on absorption, of depressing bone-marrow 
activity and causing abnormal blood formation, provided it is previously ex- 
tracted with toluol at room temperature. Presumably toluol removed an 
inhibitory substance. Our attempts to recover this inhibitory substance from 
the toluol were unsuecessful. 

CONCLUSION 

The mucosa, particularly of the stomach and duodenum, after preliminary 
treatment with toluol, is capable, on intraperitoneal introduction, of causing 
a marked macroeytie anemia. There is no indication that this phenomenon 
has any relation to the problem of pernicious anemia. 
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COMPLEMENT-FIXATION REACTIONS, USING ANTIGENS PREPARED 
FROM THE AUTOLYSIS PRODUCTS OF STOMACH, DUODENUM, 
AND OTHER ORGANS, WITH SPECIAL REFERENCE TO 
PERNICIOUS ANEMIA BLOOD* 


By Beaumont S. Corneuu,t M.D., BALTIMORE, Mp. 


S |' previously pointed out, the mucosa of the stomach and duodenum, 
A after preliminary treatment with toluol, is capable, on intraperitoneal 
introduction, of producing a marked macrocytiec anemia in rabbits. Bone- 
marrow depression is quite evident in this anemia. The smear picture is 
somewhat suggestive of an early pernicious anemia smear, the macrocytes 
being characteristically cireular rather than oval. The phenomenon is not 
considered to have any relation to the etiologic problem of pernicious anemia. 
An opportunity presented, however, of doing complement-fixation reactions 
on a series of pernicious anemia blood samples, using as antigens alcoholic 
extracts of the autolysis products of various organs, the results of which are 
given below, with controls. 

The antigens used were made as follows: 

Cow’s, or human organs, were placed whole under toluol at 37.5° C. for 
periods varying from 2 to 4 weeks. At the end of that period, the resulting 
material was evaporated to a paste in front of a fan, the paste collected and 
kept in the ice box. 

The antigens were made usually by extracting the dried autolysis prod- 
uets for 2 weeks with absolute aleohol. Sometimes preliminary extraction 
with ether was done before the aleoholic extraction. In all, 35 different anti- 
gens were employed. Most of these antigens were moderately hemolytic but 
few were anticomplementary. Double titrations were routinely done to deter- 
termine the dilution used,.which was ordinarily 1 in 40, sometimes 1 in 60. 
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*Duke University Medical Research Fellow. 
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Tests were carried out within 24 hours of taking the blood sample. The 
technic employed was a modification of the original Wassermann, each speci- 
men being controlled by a tube omitting antigen. Double tests were done in 
all cases: (1) with inactivated serum, (2) with unheated serum. 

Results :—1. Out of 75 eases of pernicious anemia, in all stages of the 
disease, 2 only gave 4 plus positives and 14 gave from 1 plus to 3 plus positives 
with an antigen made from cow’s duodenum autolysis products. 

2. The only other positive reactions were obtained in (a) 2 cases of 
pulmonary tuberculosis with cavitation (complete), (b) 24 eases of syphilis 
in whom a positive Wassermann was present (10 complete and 14 partial 
fixation). 

3. The balance of the cases were negative and included 7 cases of pulmon- 
ary tuberculosis with cavitation, 96 cases of syphilis with positive Wasser- 
mann tests, and 328 eases of various other diseases, the bloods being obtained 
from the Wassermann laboratory of the Johns Hopkins Hospital, and from 
Eudowood Sanitarium. 

From these results it will be seen that the reaction has no specifie value 
whatever, and may occur in pernicious anemia, syphilis and tuberculosis. 

An experimental study of the reaction was undertaken. Nine rabbits 
from stock were taken, and, as a preliminary, their sera were tested against 
5 standard antigens made by alcoholic extraction of various cow and human 
organs. Each rabbit was then immunized, over a period of a month, by re- 
peated injections of autolytie products, each rabbit always receiving the prod- 
uct of the same organ, and different rabbits receiving always different organs. 
The organs used for immunization ineluded all five organs used in making the 
five antigens. The results were as follows: 

1. All nine rabbits were, at the beginning, negative to each of the 5 anti- 
gens. 

2. All rabbits, after immunization, were negative to each of the same 5 
antigens. 

This is an indication that a positive reaction in a human being does not 
depend upon any type of immunologic response to products of autolysis. 

The meaning of a positive reaction with such antigens is, of course, ob- 
scure, and probably indicates some physicochemical state that may be shared 
by the three diseases mentioned—pernicious anemia, tubereulosis and syphilis. 


CONCLUSION 
The serum of patients with pernicious anemia, syphilis and tuberculosis 

oceasionally give a positive complement fixation when an antigen prepared 
from the autolysis products of various organs is used. The significance of 
this reaction is quite obscure and probably depends on physicochemical fac- 
tors of no practieal importance. 

REFERENCE 
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NOTES ON SO-CALLED DIBROM-OXYMERCURY-FLUORESCEIN 
SODIUM SALT (MERCUROCHROME-220 SOLUBLE)* 


By BerRNARD SALKIN, B.Sc., Cuemist, Brookuyn, N. Y. 


HEN dibrom-mercury-fluorescein was first described in the literature’ 
the following structural formula was given, as representing that com- 
pound: 
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The encircled figures represent positions as mentioned in the text. 

From the description of the method of manufacture given by Whiteft° 
there is no reason to believe that a pure product, or one having the above- 
mentioned structural formula, is obtained. That the reaction is allowed to 
continue until no mereury is present in the solution to react with ammonium 
sulphide, only indicates that all of the inorganic mereury (free Hg ions) has 
entered into complex or organie combination. 

*Received for publication, March 27, 1927. 
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When bromine is added to fluorescein, in order to form dibromfluorescein, 
positions (4) and (5) are those first attacked on substitution, the hydrogen 
atoms at (2) and (7) being replaced subsequently.* 

Furthermore, when bromine is added to dibromfluorescein in order to 
form eosine, the reaction is of such a nature that the bromine substitutes in 
positions (2) and (7) simultaneously, no tribromfluorescein being formed. It 
has been shown by White and others that mercury aets like a halogen when 
substituting in fluorescein. Therefore, reasoning by analogy, it would appear 
that in the preparation of Dr. White’s product, either a dioxymereury com- 
pound, or a sesqui-compound, is formed. In the latter case one of the mer- 
ecury atoms is divalent and connects two molecules of dibromfluorescein. 


Br br Br Br Br Br 
0 QO 0 OO O 
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NaO | | NaO | | NaO 
| | Py oe rt | 
lig( OH) \sie(On) Hg (OH) | | | Hg (OH) 
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As the reactivity of mercuric acetate is much less than that of bromine, 
it must be expected that the product of the reaction of the former with 
dibromfluorescein will consist of several components in equilibrium, as indi- 
cated above. 

That such is the case was proved by experimental results. Several sam- 
ples of the sodium salt of dibrom-oxymercury-fluorescein, stated by the manu- 
facturer as having been prepared by Dr. White, were obtained. The mercury 
assay varied from 22.9 to 26.8 per cent on the anhydrous basis (powdered 
sample dried in a vacuum desiceator over sulphurie acid). (Theory for 
(,,H.O, . HgBr, . Na, is 28.7 per cent.) 

Using a 2 gram sample (finely powdered) and 100 ml. of 95 per cent 
‘thy] aleohol, about 50 per cent of the material was dissolved. This material 
assayed only about 14 per cent of mereury on an anhydrous basis. 

The residue from the first extraction was again treated with 100 ml. of 
‘leohol, and the extract yielded only 0.18 grams of material. Re-extracted as 
above, the residue from the third extraction showed a mercury content of 
bout 40 per cent. (Theory for C,,H,O,.Hg,Br,.Na, is 41.4 per cent). 

Further treatment with alcohol of the residue after the third extraction 

ielded only about 0.18 grams per 100 ml. of alcohol. 

The same results were obtained using hot alcohol for extraction—the solu- 
‘ion being allowed to cool to 20° C. before being poured off from the residue— 
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as when the entire extraction was done at 20° C. Other experiments showed 
that even if only 50 ml. of alcohol were used for 2 grams of material, about 
1 gram was obtained in the first extract, the solubility of the residue being 
only 0.18 grams per 100 ml. 

These experiments show that the product obtained by the method given 
by Dr. White is not a homogeneous compound. As it is known that dibrom- 
fluorescein is very soluble in alcohol, and an organie compound containing 
about 40 per cent of mereury would tend to be rather insoluble in the same 
solvent, it can readily be seen that, in all probability, in the process outlined 
by Dr. White, the dimereury-dibrom-fluorescein (or dioxymereury compound) 
is formed. When all of the inorganie mereury of the reaction mixture thus 
becomes fixed, a large portion of the dibromfluorescein remains unacted upon. 

The writer had the original material and extracts examined in the spee- 
trophotometer. The work was not done satisfactorily, as the samples were 
dissolved in alcohol instead of water. The results showed, however, that read- 
ings made on the residue, obtained after three extractions with aleohol, gave 
a curve very similar to that obtained for eosine. Readings made on the first 
extract gave a curve very similar to the one obtained for dibromfluorescein, 
while the curve obtained for the original product was midway between the 
two. 

In none of the experiments did any metallic mereury separate, or were 
there any other signs of decomposition. 

The method given by Dr. White for the analysis of the mereury compound 
of dibromfluorescein,? which is also found in New and Nonofficial Remedies, 
does not give results which can be checked even by the same analyst. An- 
alyses varied as much as 1 per cent on duplicates, and 3 per cent on 
checks. That this was due to the technic of the method and not to the 
method itself was shown by the fact that with the writer’s improved technie, 
checks and duplicates could easily be obtained, and the time required for an 
analysis was greatly reduced. 

The following is the improved method and is applicable to the assay of 
organic mereurials and for mereury compounds containing organic material. 

Into a 250 ml. Erlenmeyer flask, weigh 0.3 to 0.35 grams of sample to be 
assayed. Dissolve in 10 ml. of water and add 15 ml. concentrated H.SO,. 
Cover neck of flask with a small watch glass. Mix and add powdered KMn0O, 
in small portions, until 2.5 grams have been added. Heat to incipient boiling. 
Cool, add 75 ml. of water and then add oxalie acid to decolorize the solution 
and dissolve the precipitated manganese oxides. Only a slight excess of oxalic 
acid should be used.* 

Filter the solution into a 600 ml. beaker, add water to make a volume of 
about 300 ml., and pass in H,S gas. When all of the mereury has been pre- 
cipitated, warm the solution slightly to coagulate the mereurie sulphide, and 
filter on counterpoised filter papers. Whatman No. 40 filter paper has been 
found to be best for the purpose. Wash the precipitate by decantation. 
~~ *It has been found that any material excess of oxalic acid causes a precipitate of mer- 


curous oxalate to form. Unless this precipitate is redissolved, before precipitating the mer- 
cury, with H,S, low results are obtained. 
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Dry the filter papers to constant weight in a hot air oven at 110° C. 
Weight obtained multiplied by 0.8622 equals weight of mercury in sample. 
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STUDIES IN CALCIUM AND CARBOHYDRATE METABOLISM 
I. CALCIUM AND GLUCOSE TOLERANCE IN DIABETES MELLITUS* 


By Max Wisunorsky, M.D., Brookiyn, N. Y. 


“pee scapnapen work has been done on the subject of the influence of 
calcium on carbohydrate metabolism. The situation is, however, still in 
quite a nebulous state. Where a single mechanism is concerned in the pro- 
duction of a certain condition, it is comparatively simple to study the effects 
of a drug on that condition and to explain its action; but where numerous 
mechanisms are concerned, as in disturbances of carbohydrate metabolism, it 
becomes increasingly difficult to determine the pharmacology of any drug 
that may be used. A review of the relationship between calcium and carbo- 
hydrate metabolism will be given. 

I[yperadrenalinism (adrenalin injections) is associated with hyper- 
glycemia, glycosuria, and a diminished tolerance for glucose, that is the glu- 
cose tolerance curve is similar to that of a mild diabetic. In hypoadrenalinism 
(Addison’s disease) the reverse is true. The effects of adrenalin appear to 
arise from stimulation of the terminal mechanism of the sympathetie fibers in 
the liver which control the glycogenie function. The ealeium metabolism in 
hyper- and hypoadrenalinism has received scant attention. Mayer’ could not 
find any increase in serum caleium in eases of rickets and spasmophilia as a 
result of adrenalin injections. Pulay and Riehter? observed that the injection 
of massive doses of adrenalin in dogs leads to hyperealeemia. As to the in- 
fuence of calcium on the disturbance in carbohydrate metabolism engendered 
by adrenalin, conflicting results have been obtained. Schrank*® observed that 
caleium will inhibit the glyeosuria produced by adrenalin. Usener* found 
that ealeium prevented adrenalin hyperglycemia and glycosuria. This was 
also true two weeks after the splanehnie nerves had been sectioned. He con- 
cluded that calcium acts by depressing the sympathetie end-plates which sup- 
ply the liver; for caleium depresses the autonomie nervous system as well as 
all nerve tissues. Adrenalin by stimulating the sympathetie gives rise to in- 
creased glycogenolysis, glycemia and glycosuria; ealeium by inhibiting the 
sympathetic would prevent such an action. Underhill® has obtained quite 


*From the Department of Pathology and the Diabetic Clinic of the Jewish Hospital, 
Brooklyn, N. Y 
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reverse results. In his experiments calcium increased adrenalin hypergly- 
vemia; it also augmented the glycosuria. 

The thyroid gland exerts an influence on carbohydrate metabolism. Ly- 
perthyroidism is associated with a diminished tolerance for glucose, hypo- 
thyroidism with an increased tolerance. Kummer’ found a negative calcium 
balanee in one case of exophthalmic goiter. Castex and Sehteingart’ found 
no changes in blood ealcium in hyper- and hypothyroidism. Waldorp and 
Trelles* found the blood calcium reduced in 26 subjects with thyroid disease 
and increased basal metabolism. ‘The influence of calcium on the glucose 
tolerance in hyperthyroidism has not received any attention. 

Von Noorden® observed that acromegaly was frequently associated with 
diabetes mellitus. Conflicting results have been obtained as far as the calcium 
metabolism is concerned; some observers have found a retention, others an 
increased elimination. No attention was paid to the stage of acromegaly, 
hyper- or hypoactive. Their results cannot therefore be accepted seriously. 
The only work on the action of calcium is by Kylin,'® who observed that it 
depressed the hyperglycemia produced by pituitrin injections. 

Parathyroidectomy produces a hypocalcemia. The majority of investi- 
gators have found a heightened irritability of the autonomic nervous system. 
Eppinger, Falta, and Rudinger,"' also Marine,'' observed a diminished toler- 
ance for glucose in parathyroidectomized dogs but not in the tetany of man. 
Underhill and Blatherwick'? observed that thyroparathyroidectomy causes 
hypoglycemia and that the normal glucose level is restored by calcium injec- 
tions. They concluded that calcium may play an important role in maintain- 
ing the equilibrium of the blood sugar regulating mechanism during life. This 
problem is further complicated by the fact (Watanabe"™) that guanidine, 
which is frequently increased in tetany, may cause a hypoglycemia. 

Many investigators have found a physiologic decalcification in pregnancy. 
Hetenyi and Liebman" observed that towards the termination of pregnancy 
there is a hypocalcemia and that during pregnancy calcium introduced into 
the circulation is rapidly withdrawn. Glucose tolerance tests (Labbe and 
Chevki') gave mild diabetic curves. 

Gerhardt and Schlesinger’ found an inereased excretion of calcium in 
acidosis. Underhill’ observed that the injection of hydrochloric acid mark- 
edly augmented epinephrin hyperglycemia and glycosuria. Alkalosis, on the 
other hand, produced the reverse effect. Epstein and Felsen'® observed an 
increase in hyperglycemia in diabetics where acidosis existed; this was re- 
lieved by alkalies. This is also the finding of Underhill.” 

The abstraction of calcium from the circulation gives rise to a heightened 
irritability of the autonomic nervous system (Chiari and Froelich'S). One 
would therefore expect a diminished tolerance for glucose. Kahn and Kahn! 
observed that the introduction of tartrates intravenously produces a gly 
cosuria. Underhill, on the contrary, found that the introduction of sodium 


phosphate into the cireulation may eause a distinct diminution in blood sugar 
and also render less marked the hyperglycemia of adrenalin. 

Usener* observed that calcium depressed diuretin glycosuria but had no 
effect on phlorizin diabetes. Jacoby and Rosenfeld®’ found that the admin 
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istration of calcium lactate had an immediate effect on phlorizin diabetes, the 
excretion of sugar falling to zero. Salant and Kahn?! noticed that the admin- 
istration of calcium to rabbits suffering from catfein diabetes caused a cessa- 
tion of the glycosuria and if the animal was previously fortified with ealeium 
elycosuria never appeared. 

Certain diseases such as pneumonia and tuberculosis are characterized by 
deealcifieation; this is especially marked in the latter. They are constantly 
associated with a diminished glucose tolerance. 

The calcium metabolism in diabetes mellitus has received considerable 
attention. Von Moraeczewski*? found an inordinate excretion of ealeium in 
one case of diabetes mellitus. .A year later he reported cases where the excre- 
tion of sugar was reduced by the daily ingestion of 10 grams of ealeium phos- 
phate." Von Noorden** observed uniformly a negative caleium balance in 
diabetes. This was out of proportion to any increased ealeium elimination 
that might be caused by an existing acidosis. Falta and Whitney’? found 
that pancreatectomy was associated with an immediate and rapid elimination 
of calcium. This was far in excess of that which could be accounted for by 
the mild acidosis present. The most elaborate work on the relationship be- 
tween ealcium and diabetes mellitus was performed by Kahn and Kahn." 
They first showed that out of five eases examined all showed a definite nega- 
tive calcium balance. The patients were kept on a standard diet for a period 
of three days, during which time the glycosuria and glycemia were deter- 
mined. On the same diet they were then injected intravenously with varying 
amounts of eighth moleeular calcium chloride every few days. The glycosuria 
and glycemia were determined to observe the effects of the treatment. As a 
result of these experiments they concluded that calcium administration def- 
initely reduces glycemia and glycosuria in diabetes mellitus. More recently 
the following work has been done: Davies, Dickens, and Dodds®* observed 
that in rabbits the injection of insulin produced a decided increase in blood 
calcium, and Harrop and Benedict?’ did not find this to be true in man. 

A direct and aceurate method of estimating the tolerance of an individual 
for glueose is the glucose tolerance test. A normal individual when given 
1.75 grams of glucose per kilogram of body weight on a fasting stomach shows 
| blood-sugar curve as follows: the maximum increase usually oceurs at the 
end of one-half hour and is never more than from 380 to 50 per cent above 
the fasting level; at the end of two hours the fasting level should be re- 
rained. No glycosuria should oceur. In diabeties the curve is equally char- 
acteristic; the maximum increase is much greater and the fasting level is not 
egained for many hours. Glyeosuria occurs depending on the height of the 

irve and the renal threshold of that individual for glucose. The indices of 
‘ie severity of any case therefore are: the height and length of the glucose 


‘oleranee curve and the amount of glycosuria. There are other criteria that 
tiay be employed, namely, the changes in the difference in glucose econcentra- 
on between arterial and venous blood and the changes in the respiratory 
juotient during a glucose tolerance test. The latter are not used in this work. 
The influence of caleium on the glucose tolerance curve in diabetes was 
studied. Six eases suffering from diabetes of varying degrees of severity 
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were chosen. The procedure was as follows: each patient after fasting four- 
teen hours received 100 grams of glucose. Four blood speeimens were 
taken: one, a fasting level immediately before ingestion, and three at the 
following periods, forty-five minutes, two hours and three hours after in- 
gestion. The estimation of the blood-sugar content was by the Kramer- 
Gittelman method* in which blood is obtained by pricking the finger tip. It 
has been shown by Foster*’ that the sugar content of such blood is identical 


with that derived from the radial artery ; in other words blood from the finger 
tip may be considered arterial blood. During the three-hour period the urine 


was collected and its glucose content determined. ‘Two or three days later (in 
Case 2, two weeks later) a similar procedure was carried out with the follow- 
ing modifications. Two blood specimens on a fasting stomach were taken 
one-half hour apart. Immediately after the first an intravenous injection of 
1 gram (10 ¢.e. of a 10 per cent solution) of calcium chloride was given. The 


diet during the period of experimentation was unchanged. 


CuartT I 


NO. 3 

S A.M. 269 5: ; | 243 

8:05 a. : a. Ca. 

8:35 | 305 y 222 220 | 222; 200 

8:40 iL sE (100 GRAMS) 
45 Minutes 


post 

cibum 9:25 | 4 386 

2 Hours 

post 

cibum 10:40 462 

3 Hours 

post 

cibum 11:40 | 37 320 404 395 
S:40 | 


Urinet to 
11:40 | 23.5 | 23.0] 1621118] 7.5| 8.0 


*10 c.c. of 1 per cent calcium chloride intravenously. 

*+Glucose content in grams. 

Figures for blood sugar are expressed in terms of milligrams per 100 c.c. of blood. 

An analysis of the results ( see chart) reveals the following: 

(a) The fasting blood-sugar level in Cases 1, 3, and 6 was not influenced 
by the calcium injection; in Case 2 there was an increase from 253 to 338, and 
in Case 4 a decrease from 2438 to 200. 

(b) Examination of the blood-sugar curves shows that in some eases the) 
are not as high when calcium is given as in the control; in others the reverse 
is true. The conelusion is that calcium does not appreciably influence the 
curve. 

(ec) The urine was collected for three hours after ingestion and its glu 
cose content determined. Three out of five cases showed a diminished output 
of glucose when calcium was given. 

DISCUSSION 

The literature on the relation of caleium to carbohydrate metabolism has 

been reviewed. It can be seen that there are many conditions in which there are 
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simultaneously disturbances in calcium and carbohydrate metabolism. The 
work that has been done is, however, fragmentary and inconclusive. No def- 
inite statements can as yet be made as to the pharmacology of calcium in ear- 


bohydrate metabolism. Much work of a systematic nature is necessary to 


clarify this subject. 

The above study has been confined to the influence of caleium on glucose 
tolerance in diabetes mellitus. Von Moraezewski and Kahn and Kahn con- 
eluded from their work that the administration of calcium ameliorates the 
diabetic condition. The glucose tolerance test may be considered an accurate 
index of the severity of a diabetie. An intravenous injection of calcium does 
not produee any changes in the curve. This definitely contradicts the con- 
clusions of Von Moraezewski and Kahn and Kahn. 

It was observed by Cammidge and Howard* that the action of insulin on 
the utilization of earbohydrate is very materially increased by parathyroid 
extract. Collip®! states that the function of the parathyroid hormone appears 
to be that of a regulator of calcium metabolism, and its action is primarily as 
a ealeium mobilizer. It is capable of producing a sustained hypercalcemia. 
To contend that it exerts its influence on carbohydrate metabolism indirectly 
through its action on ealeium metabolism is to speculate. This work will be 
continued and the action of parathyroid extract on the glucose tolerance test 


in diabeties will be studied. 


SUMMARY AND CONCLUSIONS 

1. A review is given of the literature on the relation of calcium to carbo- 
hydrate metabolism. 

2. It appears to be definitely established that diabetes mellitus is asso- 
ciated with a negative calcium balance. 

3. Intravenous administration of calcium chloride does not appear to in- 
fluence the tolerance of diabetics for glucose as determined by studying 
elueose tolerance curves. This is at variance with the work of previous 
investigators. 

4. This work will be continued employing parathyroid extract. 

[ am indebted to Dr. Max Lederer, director of the laboratory, for help- 
ful suggestions and to Dr. Edmund Shlevin for the use of the eases in his 
clinie. 
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ON COLORIMETRY* 
By Joun H. Yor, Pu.D., CHARLOTTESVILLE, VIRGINIA 


ECENTLY it was my privilege to review the manuscript of a paper ‘‘On 

Nephelometry”’ by Dr. Hans Kleinmann of the University of Berlin. This 
paper appeared in a recent number of the JOURNAL OF LABORATORY AND CLIN- 
IAL Mepicine. After reading Dr. Kleinmann’s' manuscript it occurred to me 
that the readers of this Journal would be interested in a corresponding paper 
‘On Colorimetry.’’ 

The use of color as a means of determining the amount of a given sub- 
stance present has long been employed, for example, the determination of 
ammonium, nitrite, and nitrate nitrogen in water or of carbon in steel. Also 
color may be referred to an absolute index of color value, for example, by 
use of the Lovibond Tintometer, or it may be determined by absolute analysis 
in terms of wave-length of dominant hue or its complement and the percentage 
of white, for example, monochromatic analysis by means of the Nutting 
Colorimeter. 

Colorimetric methods have rapidly increased in number during the past 
iwenty-five years, so that the list now includes many metals (aluminum, 
chromium, cobalt, copper, gold, iren, lead, magnesium, manganese, mercury, 
molybdenum, nickel, potassium, titanium, tungsten, vanadium, ete.), many non- 
metals (arsenic as arsenate; boron as borate; carbon; hydrogen ion; nitrogen 
as nitrite, nitrate, and ammonium; oxygen both free and as hydrogen perox- 
ide; sulphur and sulphide and as sulphate; phosphorus as phosphate; ete.), 
and a large number of organie substances which include nearly all classes of 
organie compounds (alcohols, aldehydes, organic acids, esters, phenols, earbo- 
ivdrates, alkaloids. hemoglobin, ete. 

In general, colorimetrie analysis consists in adding a reagent to a solu- 
tion of the test substance in such a way as to produce a color whose intensity 
s proportional to the concentration of the test substance in solution. As a 

iatter of convenience and also to insure greater precision and speed, special 
orms of apparatus have been developed for use in colorimetry. The methods 


employed in matching colors may be grouped under four heads: (1) standard 


eries method, (2) dilution method, (3) duplication method, (4) balaneing 


ethod. 
METHODS OF MATCHING COLORS 


Standard Series Method.—In this method the sample solution contained 
n a glass tube (or cell) is diluted to a definite volume, mixed and its color 
compared with a series of standards similarly prepared. 

In some eases it is possible, and may be more convenient, to prepare a 
*From the Cobb Chemical Laboratory, Contribution No. 
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series of permanent standards? by means of solutions and mixtures of solu- 
tions of certain colored inorganic salts, such as for example, cobalt chloride, 
ferric chloride and copper sulphate. If such a series is employed, each solu- 
tion must, of course, be standardized against a known amount of the original 
substance and under identical conditions as maintained in the analysis of a 
sample of the substance. Care must be taken that the tint or shade of color is 
the same in the permanent standard as in a solution of the substance to be 
determined. 

Sometimes it is a great convenience to use a series of colored glasses as 
standards. For example, cobalt glass has been found to match the blue color 
of certain vat dyes reduced by alkaline sodium hyposulphite. The use of 
these permanent standards proved a great help in reaction velocity studies® 
on these dyes where it was necessary to make rapid determinations every few 
minutes and also because the reduced dyes are readily oxidized by air, and 
therefore a freshly prepared standard would be required for each determina- 
tion. The plates of glass were standardized against known weights of dye re- 
dueed under standard conditions and were always placed in the colorimeter 
in a definite position to guard against introducing an error due to any ir- 
regularity in the glass. In using colored glasses as permanent standards 
great care must be taken that the tint of color exactly matches that of the 
test solution. 

With a series of standards the amount of substances in the sample is 
obtained directly, since it is equivalent to the amount contained (or repre- 
sented) in the standard which it matches in color intensity. 

Dilution Method. If the sample and standard solutions when placed in 
glass tubes, or cells, of the same diameter and observed horizontally through 
the tubes have the same intensity of color, obviously their concentrations are 
identical. Usually the solutions do not match in eolor intensity, and the 
darker one is then diluted until a match is obtained when the two are viewed 
horizontally through the tubes, i.e., through the same thickness of liquid. 
This process of comparison is called the dilution method. When sample and 
standard solutions match, their concentrations are the same, and, hence, the 
weights of the substances in the two solutions are directly proportional to 
the respective volumes. 

Duplication Method. This method is earried out as follows: The sample 
is placed in a glass tube, or cell, diluted to a definite volume and mixed. Water 
is put in a similar vessel and the same reagent, or reagents, added as used to 
produce the color with the sample. The volume in this blank should be a little 
smaller than that of the sample solution. Next a relatively concentrated stand- 
ard solution of the substance being determined is run into the blank from a 
burette until its color matches that of the sample solution, the final observa- 
tion being made after the duplicate has been brought up to the same volume 
as the sample by the addition of distilled water and thoroughly mixed. The 
amount of standard solution required to make the duplicate is a measure of 
the amount of substance in the sample solution. 

Balancing Method. This method consists in placing the sample solution, 
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or an aliquot portion, in a flat-bottom graduated tube and then running into 
another similar tube a standard color solution until the color intensities of the 
two are the same when viewed vertically, through the length of the columns of 
liquids. When thus balanced, the concentrations of the two solutions are 
inversely proportional to their heights (not volumes) in the tubes. Schreiner‘ 


points out that ‘‘curiously enough, the graduation into cubie centimeters has 


been carried over to the cylinders used in many of these instruments (balane- 
ing or plunger type colorimeters) when it is perfectly obvious that it is the 
height of the standard liquid which determines the strength of the unknown 
solution.”’ Of course, if both the sample and standard tubes have the same 
diameter and the bore is uniform throughout in each tube, then the two con- 
centrations are also inversely proportional to their volumes when the colors 
are matched by the balancing method. Such uniformity in color tubes is hard 
to obtain and unnecessary. The use of the cubic centimeter scale in graduat- 
ing the balancing or plunger type colorimetric apparatus is, moreover, wrong 
in principle and therefore should not be employed. A rational graduation 
into seale divisions (say centimeters) independent of capacity or uniformity of 
bore of the tube should be used. 

Instead of placing the sample solution in the tube and changing the 
height of the standard column until the color intensity is the same as that 
in the unknown, a measured height of standard solution may be placed in 
one tube and the sample solution run into the other until a color mateh is 
obtained. . 

The balancing method is by far the most speedy of the four procedures 
already mentioned. It is also the most accurate provided the proper eon- 
ditions are observed. 

The change in the height of a solution has been accomplished in a variety 
of ways, e.g. (1) by dropping from a burette into one of the comparison 
tubes; (2) by providing one or both of the tubes with a stopeoek near the 
bottom; (3) by connecting, by means of a side tube at the bottom, with a 
reservoir which permits moving the solution up and down at will; and (4) by 


changing the height by means of an immersion prism or tube. 
REQUIREMENTS OF THE COLORIMETRIC METIIOD 


In order to be able to employ a colorimetric method certain conditions 
must be fulfilled, chief among which are the following: 

1. The color produced by the reagent must be characteristic of the 
test substance, or in ease certain other substances produce the same color 
as does the test substance, these must be known to be absent. 

2. The color produced by the reagent and test substance must be the 
only eolor present in the solution. In some eases the presence of a very 
small amount of a foreign colored substance in the sample solution may be 
compensated by using a standard with the same concentration of the foreign 
substance. 

3. The sample solution must be colorless, or if colored, this color must 
he removed by the reagent or some other step in the procedure. 





142 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


4. The sample solution must not contain any foreign substanee which 
will give a color or precipitate with the reagent. 

+. The color produced by the reagent must be reasonably permanent, 
i.e., it must not fade so rapidly that an accurate color comparison is impos- 
sible. Under certain well-defined conditions it is sometimes possible to em- 
ploy a fairly unstable color and still obtain a satisfactory quantitative meas- 
urement. 

6. Neither the intensity nor the tint of the color produced by the reagent 
and test substance must be affected by the presence of reasonably relatively 
high concentrations of electrolytes likely to be present. In certain cases it is 
necessary to adjust very carefully the hydrogen-ion or hydroxyl-ion concentra- 
tion before an accurate color comparison can be made. 

To these conditions may be added certain others which are desirable in a 
colorimetric method but which are not always required: 

1. The intensity of the color should be directly proportional to the 
concentration of the test substance. 

2. The color should be one easy to distinguish and to match, for example, 
blue, red, green, ete. In this connection it must be remembered that an 
operator may have a dull or imperfect susceptibility to one color and still 
be able to match other colors with great precision; it is, therefore, important 
that he test himself thoroughly for each color by matching a standard against 
itself in several degrees of intensity. If concordant results are not obtained 
with a certain color, it is useless for him to go further with this color. 

3. The method should be rapid, accurate, and sensitive. Frequently one 
or maybe two of these qualities are sacrificed in order to attain the more 
desired third quality. In general colorimetric methods are rapid and accurate 
and often are delicate enough to determine quantitatively one part of the 
test substance in several hundred thousand parts of water. Some are so 
sensitive that one part of test substance may be detected in a hundred million 


parts of water. 
ACCURACY OF COLORIMETRIC METHODS 


No general statement can be made as to the accuracy of colorimetric meth- 
ods. Some colorimetric determinations have been brought to such a_ high 
degree of perfection that they far surpass gravimetrie or volumetric deter- 
minations in accuracy. On the other hand, many colorimetric methods are 
only rough approximations. These approximate methods, however, serve a 
purpose, for in such cases we frequently have no other means of determining 
the substances, or often a very rapid method is necessary and a colorimetric 


procedure, although its results are only approximate, may meet this require- 
ment. It is between the above two extremes of accuracy that most of the 
colorimetric methods lie. Attention has often been called to the extreme 
degree of accuracy attainable in colorimetric methods when properly carried 
out. ‘‘There is little doubt that their accuracy is more frequently underesti- 
mated than overestimated. This is due to a number of causes, chief among which 
are the inability on the part of many persons to judge colors accurately, con- 
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tamination while making the tests, the use of impure reagents, and the employ- 
ment of faulty apparatus. Practice will do a great deal to enable one to make 
good comparisons, but it ean never make up for a dulled or imperfect sus- 


ceptibility to color.’ Great attention should be given to this point in using 


colorimetric methods. 
SPEED OF COLORIMETRIC METILODS 


As in the case of accuracy, colorimetric methods vary widely from the 
standpoint of speed. Some are extremely rapid, requiring only a few minutes, 
while others are very slow and tedious, especially if the highest degree of ac- 
curacy is desired. Often accuracy is sacrificed for speed. In developing 
colorimetric methods of analysis there have been two main objects through- 
out, namely, speed and the ability to estimate small amounts; both of which 
are common to many of the methods but not necessarily so. A colorimetric 
method may have speed and yet not be capable of estimating very small 
amounts. On the other hand some of the more recently developed colorimetric 
methods are fully as laborious and perhaps even more tedious than the grav- 
imetrie methods. Their one virtue is that they can be employed in deter- 
mining amounts so small that gravimetric methods fail, and hence they 
present a means of attacking problems which hitherto have been impossible of 
investigation. In such cases speed is only of secondary importance. 


LIMITS OF APPLICATION OF COLORIMETRIC METIIODS 


In general, a colorimetric method cannot be used when more than 1 or 2 per 
cent of the substance being determined is present without resorting to aliquot 
parts and using a portion of the solution of the sample instead of the whole. 
In the latter case it is, of course, necessary to measure the aliquot part as ac- 
curately as the sample was measured, otherwise the final result will be in 
error. 

As for the lower limit of application, it may again be pointed out that 
many colorimetric reactions are sensitive enough to detect one part of test 
substance in several million parts of water, and some will detect one part 
in a hundred million parts of water. Hence, by using a large weight of the 
sample material, or a large volume in the case of solutions and then con- 
ventrating by evaporation, extremely small amounts may be determined. Of 
course, the size of sample that ean be handled reaches a practical limit; for 
example, a long time is required for concentrating large volumes of liquids 
and great care must be taken to prevent contamination from dust particles, 
vessels, ete. Furthermore, various salts may erystallize out during evapora- 
tion and occlude some of the substance being sought, or a certain constituent 
which has no effect in the dilute sample may interfere when its concentration 
is inereased. 

In spite of the many requirements imposed upon colorimetric methods, 
it may be said that, in general, they are applicable to concentrations of 1 or 
2 per cent down to one part in a hundred million, but these limits may be 
extended under proper conditions as already pointed out. 
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ERRORS OF COLORIMETRIC METHODS 


In colorimetric analysis certain factors introducing variations and errors 
are frequently overlooked. Chief among these are variable sensitiveness of 
vision to different depths of color, the inability of many persons to judge 
colors accurately, and the bicolored nature of the solution. 

Variable Sensitiveness of Vision to Different Concentration. Horn’ and his 
coworkers have made an experimental study of variable sensitiveness in color- 
imetry. They used solutions of CrO,-~, Cut *, and Cu( NH,),** ions and showed 
that with equal depths at certain definite concentrations the comparisons in the 
colorimetric determinations of these ions can be made with greater ease and 
accuracy than at other concentrations. It is held by them that this relation 
is a ‘‘perfeetly general one throughout colorimetry,’’ and they suggest that 
‘‘the curve of sensitiveness must be known in each colorimetric method if 
the method is to be used to greatest advantage and the results are not to be 
affected by errors of unknown magnitudes.’’ 

Imperfect Susceptibility of Color. Another cause of error in colorimetry is 
due to the inability of many persons to judge colors accurately. Practice will 
do much to enable a person to make good color comparisons, but it ean 
never make up for a dulled or imperfect susceptibility to color. Great at- 
tention should be given to this point, and an operator should test himself 
thoroughly for each color by matching a standard against itself in several 


degrees of intensity. If he fails to obtain concordant results with a certain 
color, it is useless for him to go further with this color. In this connection 
it should be noted that a person who cannot use one method with accuracy 
is frequently able to use another with great precision. 

Fatigue and Eye Strain. Care must be taken on the part of the observer 
to avoid fatigue and eye strain. Failure to take this precaution may intro- 
duce a serious error in otherwise excellent work. Especially is this preeau- 


tion necessary when a long series of determinations is being made. In such 
a ease the use of a dark room will aid greatly. Each observer must, of course, 
determine his capacity in this respect. 

Bicolored Nature of Solutions. Dehn’ has made a study of the 
in eolorimetry’’ and gives a full discussion of them. He points out that 
‘fin most colorimetric determinations, the depth of solutions of the color 
standards is matched by various depths and concentrations of the solu- 
tions to be estimated; usually we have two columns of solutions of unequal 
length whose tints are matched to the limit of sensitiveness of the eye and 
whose solute molecules are assumed to be the same in number. That the solute 
molecules are not necessarily the same, not only in number but in composition, 
may be concluded from studies of (1) their different optical distributions; (2) 
different equilibria resulting from ionization; (3) different equilibria resulting 
from hydrolysis and, (4) different equilibria resulting from chromoisomerisa- 
tion.”’ For a detailed discussion of these sources of error in colorimetry the 
reader is referred to Dehn’s work.” 
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Summary of Errors in Colorimetry. The various possible errors to be dealt 
with in colorimetry may be summed up as follows: 


1. Errors due to the inability of the observer to judge colors accurately. 
2. Errors due to variable sensitiveness of vision to different concentrations. 
3. Errors due to fatigue and eye strain. 

4. Mechanical errors of the colorimeter. 

d. Optical errors of the colorimeter. 

6. Optical errors resulting from varied light. 

7. Errors resulting from seale readings. 

8. Errors of dilution. 

9. Errors due to temperature variation. 

10. Errors due to varied times of standing. 

11. Errors due to varied quantities of reagents. 

12. Errors due to the presence of interfering substances. 

13. Errors due to variations in the hydrogen-ion concentration. 

14. Errors due to the action of light. 


It would seem from the above list of the sources of errors in colorimetry 
that accurate and precise measurements by this method would be hard, if not 
impossible, to obtain. Fortunately, however, most of these errors ean be 
avoided, or reduced to a satisfactory minimum, by carefully worked out pro- 
cedures and good technie, together with the use of a good colorimeter or 
carefully matched color comparison tubes. A number of colorimeters pos- 
sessing optical and mechanical accuraey are deseribed in the literature. 

In conclusion we wish to emphasize the importance of studying the 
various sourees of errors as they affect each colorimetric method employed. 


REFERENCES 


1Kleinmann, Hans: Jour. LAB. AND CuiIn. Mep., 1927, xii, 629. 


-Arny, H. V., and Ring, C. H.: Jour. Franklin Inst., 1915, elxxx, 199; Jour. Ind. Eng. Chem., 
1916, viii, 309. 
Yoe, J. H., and Edgar, G.: Jour. Phys. Chem., 1923, xxvii, 65; Yoe, J. H., ibid., 1924, 


xxviii, 1211. 
‘Schreiner, O.: Jour. Am. Chem. Soe., 1905, xxvii, 1198. 
Schreiner, O.: Jour. Am. Chem. Soe., 1905, xxvii, 1196. 
6Horn: Am. Chem. Jour., 1906, xxxv, 255; ibid., 1906, xxxvi, 195, 516; Leuba, J.: Jour. 
Phil. Psyeh. Scient. Meth., 1907, iv, No. 6, p. 166; Yoe and Hill, Jour. Am. Chem. Soe., 
(in press). 
7Dehn: Jour. Am. Chem. Soe., 1917, xxxix, 1392. 





QUANTITATIVE DETERMINATION OF THE KAHN REACTION* 
By J. G. Hopkins anp E. W. Rockstrraw, New York, N. Y. 


ILE need of a simple method of estimating quantitatively the changes in 

the serum of syphilitics is very generally recognized. The Wassermann 
reaction is quantitative only within narrow limits. A +++ + result is recorded 
alike for sera containing a moderate amount of reacting substance and for 
others containing a very large amount. It would be of interest to distinguish 
between these. The slight degrees of hemolytic inhibition recorded as + are 
found both in active syphilitic and in nonsyphilitic conditions. It would be 
most helpful in diagnosis if the degree of reaction which may be considered 
indicative of syphilis could be more precisely defined. 

Efforts to render the Wassermann reaction more sensitive have succeeded 
in inereasing the positive results obtained in syphilis but have also brought 
These experiences have led to the belief that 


out more nonspecifie reactions. 
the change in serum which the reaction detects is quantitative rather than 
qualitative. The following discussion is based on this hypothesis. It is also 


widely accepted, for reasons we cannot here present, that the complement- 
fixation reaction of Wassermann and the various precipitation tests for syph- 
ilis are but different methods for detecting the same change in the serum of 
syphilitics. It has been the aim of many investigators to devise a technic 
which would permit more accurate measurement of the extent of this abnor- 
mality. 

STANDARD QUANTITATIVE METHODS 


Three quantitative methods have received wide trial: the Sigma reaction 
of Dreyer and Ward,*? in which the precipitation of a lipoid solution is ob- 
served in a series of graded dilutions of serum; the Vernes reaction.’ in which 
the opacity of one lipoid-serum mixture is optically measured; and Kolmer’s 
modification of the Wassermann reaction,‘ in which a complement-fixation test 
is carried out with graded dilutions of serum, using a carefully standardized 
hemolytic system. 

The quantitative method of Kolmer has been much used in this country, 
and many competent observers have reported favorably as to its accuracy and 
specificity. It is admitted, however, that it is a complicated and time-consum- 
ing procedure. <Any reaction, moreover, which depends upon the use of a 
hemolytic system, employs two reagents (blood cells and complement) which 
cannot be satisfactorily preserved and which present real difficulties in stand- 
ardization. 

Precipitation methods have the advantage of employing as the only re- 
agent a lipoid solution which ean be preserved for a long time without appar- 

*From the Department of Dermatology and the Department of Bacteriology, Columbia 
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ent change in its reactivity. Evidence is accumulating that such tests can be 
made as sensitive and as specific as the complement-fixation test. It would 
seem, therefore, that they are more promising for quantitative work. 

The Vernes reaction is based on the assumption that the degree of opacity 
in a serum-lipoid mixture will correspond to the strength of the precipitating 
serum. There is, so far as we know, no proof of this assumption save the fact 
that the strength of the reaction obtained follows a descending curve in cases 
that are responding to treatment. We have had no personal experience with 
the method, but Dr. L. H. Cornwall has been kind enough to carry out the 
Vernes reaction on a number of sera which we have tested by the Wassermann, 
Kahn and Sigma methods. In a small number of cases of treated syphilis a 
definite reaction was obtained by the Kahn and Sigma methods where the 
Vernes was completely negative. The number of sera compared is too small 
to warrant definite conclusions, but the results indicated to us that the method 
was not sufficiently sensitive for following treated cases and discouraged us 
from making a personal trial of the procedure. 

The Sigma reaction has been extensively employed in England. Careful 
studies by Dreyer and Ward, Jones’ and others have established its reliability. 
A considerable experience with the method has convinced us of its value but 
has also impressed on us its technical difficulties. It seemed that a simpler 
method might be found which would give results equally consistent with the 
elinieal findings. 

The teehnie deseribed by Kahn" for his qualitative tests seemed to offer 
the basis for a quantitative procedure that would possess the essential advan- 
tages of the Sigma reaction and avoid many of its difficulties. The method of 
measuring the reagent is simple; no long ineubation is required; the method 
for antigen preparation gives an extract which is almost invariably satisfac- 
tory; the reading of the reaction with proper illumination is relatively easy. 
In short, this method is less time-consuming and, being simple, offers fewer 
chanees for error than does either the Sigma or the Wassermann. 

QUANTITATIVE METHOD FOR THE KAHN REACTION 

Kahn has described a quantitative method for performing his reaction.’ 
lt ineludes the preparation of a preliminary series of dilutions of the serum to 
be tested, a complication of technic which it would be desirable to avoid. . 

It seemed that this method could be simplified by considering the prin- 
ciples involved. To express our concept of a strongly or a weakly reacting 
-erum it is almost necessary to think of them as containing a larger or smaller 
amount of some reacting substance. The simplest method for determining 
‘his amount is to test a serum in a series of diminishing quantities against a 
onstant quantity of the other reagents and to determine thus the smallest 

mount of serum necessary for a standard effeet. If only one other reagent 
s concerned, the same result can be obtained by increasing the quantity of 

reagent as by diminishing the quantity of serum, the only important factor 
‘ing the ratio between the two. 

In testing sera from syphilities by the Kahn method it was found that 
reactions could be obtained over a range where the ratio of antigen to serum 
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varied from 1:40 to 5:1. If 0.01 ¢.c. of antigen were employed throughout (as 
in Kahn’s method), to obtain a 5-1 ratio would require the setting up of a 
tube containing 0.01 ¢.c. of antigen and 0.002 ¢.c. of serum—a quantity too 
small to measure without preliminary dilution. If, however, the amount of 
antigen were increased to 0.05 ¢.e¢., the 5:1 ratio could be obtained by the use 
of 0.01 ¢.c. of serum, which can be directly measured. On the other hand to 
obtain a 1:40 ratio with 0.05 ¢.c. of antigen would demand the use of 2 e.e. of 
serum, an impracticable amount in routine work. This diffieulty could be 
avoided by using 0.2 of serum and 0.005 of antigen. 
Accordingly, we set up our reactions in tubes containing the following 
amounts: 
TABLE I 
TITRATION OF KAHN REACTION 
ANTIGEN SERUM SALINE* RATIO 
1-1 UNDILUTED 0.9 PER CENT PILUTED ANTIGEN-SERUM 
0.005 0.2 0.0 1—-40:0.2-8 


0.01 0.2 0.0 1-20:0.4-8 


0.025 0.2 0.0 8: 
0.05 0.2 0.0 ~ 4s 
0.05 0.1 0.1 9: 8 
0.05 0.05 0.15 1 8 
0.05 0.02 0.2 2 1: 20-8 

1 -8 


8 
& 


0.05 0.01 0.2 : 40 


*The addition of saline interferes, as Kahn has shown, with these precipitations but 
is necessary to insure proper mixing of the small amounts of reagents used in the upper tubes. 
pe ay oe the absolute unit values obtained too low but does not alter the relative value 

In this way a sufficient range of varying ratios of the mixtures could be 
obtained, using quantities measurable without preliminary dilution and a 
total amount of serum (1 ¢.c.) that was not excessive. 

The other factors in technic may be defined briefly as follows: 

Serum.—tThe age of the serum seems immaterial provided that it is clear 
and free from contamination. After a number of trials with various periods 
of inactivation it seemed that for most sera the most sensitive reactions were 
obtained by inactivation for one-half hour in a water-bath at 56° C. 

Antigen —Antigen was prepared and titrated by the method deseribed 
by Kahn and used, as a rule, in a dilution of 1-1, with 0.9 per cent salt solu- 
tion. In referring to the amount of antigen used in the tests deseribed we 
mean the amount of the mixture of salt solution and aleoholie extract prepared 
before making tests. 

Shaking.—Immediately after the serum is measured into each series of 
eight tubes, the tubes should be shaken by hand to insure prompt mixing. As 
soon as from six to ten tests are set up, they are placed in a shaking-machine 
and rocked for 20 minutes. We have found convenient a device shown in 
Fig. 1, which is adapted from the shaking-machine described by Warnick. 

The bed of the machine is a wooden platform 12 by 24 inches with two 
upright cleats, the height of a test-tube rack. One cleat is fixed and the 
other secured by a bolt passed through a slot which runs the length of the 
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Krom one to eight of the ordinary copper racks used in serologic work 
The wooden bed is suspended by four 


bed. 
may be clamped between these cleats. 
straps made from an ordinary clock spring. It may be hung below a table, 
saving laboratory space. It is rocked by a piston running to an eeccentrie pin 
on a redueing gear which is in turn driven by a belt from an electric motor. 


A speed of about 100 to and fro swings a minute has seemed satisfactory. 









































Shaking machine. 


Illuminating device. 


READING THE REACTION 


After rocking, 0.5 ¢.c. of salt solution is added to each tube; the rack is 
shaken for a moment to insure a mixture and allowed to stand 5 minutes be- 
fore reading. If the tubes are allowed to stand for 24 hours, a more marked 
precipitation is sometimes observed; we have not used such reactions in quan- 
titative work. 

Reading has been greatly facilitated by the use of a small illuminating 
box shown in Fig. 2. It consists of a wooden box lined with black velvet, the 
base measuring 8 by 8 inches, the top 8 by 214 inches, the height 5 inches. In 
the top is a slit 114 inches wide, across which the tubes are laid horizontally 
so that the mixture runs out in a thin layer along the under side, making a 


fine precipitate easily visible. A eylindrieal electrie bulb, of the show-case 
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type, is placed in the front of the bottom of the box so that the light falls on 
the tubes but not directly into the eye of the observer looking down at them. 


We present this deseription of the illuminating device because we think some 


of the difficulties met with in the Kahn reaction are due to lack ot proper 
illumination of the tubes for reading. 

The degree of reaction in each tube was recorded as follows :- 

1. Tubes showing a granular turbidity greater than normal controls were 
regarded as +; 

2. Those showing distinct granules in a turbid fluid were regarded as . 
3. Those showing large granules in slightly turbid fluid were regarded 


vw 


_ Those showing large granules in clear fluid were regarded as 
NUMERICAL EXPRESSION OF RESULTS 


When titrated by the method just described, sera gave results indicating 
wide differences in their reacting strength. Examples of the readings ob- 
tained are given in Table Il. Serum VI is included to illustrate the prezone 

TABLE II 


TYPICAL RESULTS OBTAINED BY TITRATION 


TUBE ] 


Serum I, 

Normal 
Serum II, 

Secondary Syphilis 
Serum III, 

Secondary Syphilis (treated 
Serum IV, 

Tertiary Syphilis 
Serum V, 

Tabes 
Serum VI, 

Latent Syphilis 


of inhibition frequently found in strongly reacting sera. This is not peculiar 
to latent syphilis. 

To derive a simple expression of these strengths of reaction, we have 
translated these readings into arbitrary units by the scheme shown in Table 
IV. This is open to criticism on theoretical grounds but gives values that 
seem fairly consistent with the clinical findings and with subsequent and later 
tests on the same patient. 

In selecting a unit value we chose as a basis a ++ reaction because it 
seemed more objectively defined than the other values. As sera from non- 
syphilities frequently caused precipitation in the first and second tubes a 
reaction in the third tube was chosen as representing one unit of reacting sub- 
stance per cubie centimeter. This unit corresponded about to one unit as 
determined by the Sigma method. 

The derivation of these values may seem clearer if we redefine this unit 
as that amount of reacting substance necessary to give a ++ reaction when 
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mixed with 0.125 ¢.e. of antigen under the conditions stated. If a serum econ- 
tains one unit per cubic centimeter, 0.2 ¢.c. would then give a ++ reaetion 
with 0.025 ¢.¢. of antigen. If the same amount of serum gave the same reac- 
tion with twice the amount of antigen (0.05 ¢.c.), it must eontain two units 
per cubic centimeter; and if one-half the amount of serum (0.01 ¢.¢.) preeipi- 
tates twice the amount of antigen (0.05 ¢.¢.), it must contain 4 units per cubic 
centimeter. The number of units in any serum could thus be determined by 
finding the ratio of antigen to serum in a mixture which shows a reac- 
tion. In the cases just mentioned of sera containing from 1 to 4 units, the 
ratios of antigen to serum are 1 - 8, 2 - 8 and 4-8 respeetively. We thus 
obtained the unit. values shown in Table IV for reactions. 

We endeavored to caleulate a series of interpolated values, following 
Drever and Ward’s method but were unable to find a constant relationship 
between the degree of reaction in one tube and that in the following tube. 
For example, sera from one patient gave on successive tests the following 
readings : 

TABLE III 


RESULTS OF THREE SUCCESSIVE TESTS 


TUBE ] 2 3 i 5 6 7 8 
March 31 | 4 3 2 0 1) 0 0 
April 7 1 / t } 0) 0) 0 0) 
April 21 4 } | 3 0 0) 0 0 


It will be seen from the readings of tubes three and four in the first test 
that reducing the proportion of serum by one-half weakened the reaction 


from to. On the other hand in tubes four and five of the third test, 
reducing the serum by one-half weakened the reading from ++ + to zero; and 
in the second test, from to zero. This is a typical example and illus- 


trates the impossibility of finding in our readings a correlation between the 
strength of the serum and the coarseness of the precipitate. This may be due, 
in part, to the difficulty in defining precisely the varying degrees of reaction; 
but at least it indicates that it would be safer to base our quantitative estima- 
tions on the amount of serum necessary to produce a reaction rather than on 
the intensity of the reaction obtained. 

We determine, consequently, the unit values by reading the last tube 
which shows any precipitation and disregarding the preceding tubes. If the 
reading is +, it is given a unit. value as defined above. If it is +++ or +++4, 
it is arbitrarily increased by 25 or 50 per cent, and if +, decreased by 25 per 
cent. This does not express the exact quantitative relationship but serves to indi- 
ate, for example, that a serum showing ++ + or 4 +++ in the third tube and neg- 
itive in the fourth is stronger than a serum giving a ++ in the third tube and 
weaker than one giving a ++ reaction in the fourth tube. Since these values 
are approximate, the figures have not been extended to further decimal places 
‘io express the 25 per cent increase or decrease. 

In this way we have assigned values to four degrees of reaction in each 
tube of the titration as shown in Table ITV. This table is used for deriving 
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unit values from the titration results. The tests recorded in Table II, inter- 
preted in this way, read: 
r serum I 0 units 
serum IT units 
serum III 0.4 units 
serum IV 15 units 
serum V 2.5 units 


serum VI 20 sunits 


TABLE IV 
Unit VALUES ASSIGNED TO REACTLONS OBTAINED BY TITRATION 
DEGREE OF 
REACTION 


+++4 


++ 


Although only the last reacting tube is used to record the result, the reac- 
tions in the preceding tubes should be observed as a control. It was found 
necessary to make one definite exception to the above method of reading. <A 
few apparently normal sera were found giving slight precipitation in several 


tubes, such as: 


Tube 
Reaction 


We have consequently made it a rule to record only the first tube of a 
series showing a + reaction, and to record such a serum as the above as con- 
taining 0.1 unit. A few sera gave reactions in successive tubes, such as: 
22210000, and while most of those were from syphilitic cases, we think 
it safer to record all such atypical reactions as doubtful. 

The Kahn units referred to in the following discussion signify values ob- 
tained by the above method and not by the original method of Kahn. 


CORRELATION OF VALUES OBTAINED BY DIFFERENT METHODS 


We have tabulated the results obtained by titration of 907 serums from 
433 patients. These specimens were also tested by the routine method of 


Kahn, by the Wassermann using cholesterin antigen and one hour preliminary 


incubation at 37°, and by the Wassermann using alcoholic antigen and four 
hours’ incubation in the ice box.® The Sigma reaction was done with 600 of 
these sera. 

It was soon evident that this quantitative Kahn revealed many abnormal- 
ities too slight to be detected by the Wassermann method used. Before study- 
ing the results obtained it seemed necessary to attempt a correlation of the 
values obtained by the different methods and to determine what reading in 


one test is equivalent to a certain reading in another. 
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The third tube of the standard Kahn test contains antigen and serum in 
the ratio of 1-12, which is intermediate between the second and third tubes of 
the titration where the ratios are 1-20 and 1-8, respectively. Consequently, 
a serum showing 0.4 unit or a + + reaction in the second tube of the titration 
should show a slightly weaker, or perhaps the same, reaction in the third 
tube of the Kahn, and a negative in the second and first tubes. The second 
and first tubes of the Kahn are intermediate between the third and fourth 
and the fourth and fifth tubes of the titration. From these considerations the 
equivalent values shown in Table V have been estimated, but it should be 
remembered that these are only approximate. 

The determination of equivalent values for the Wassermann and the quan- 
titative Kahn is more difficult because wider variations in the results were 
found. This is in accord with general experience, which has shown that the 
same serum when tested with different antigens will give different values even 
in parallel Wassermann reactions. 

It seemed most useful to take the mean value found in a series of tests. 
For example, of 40 sera containing 2 units, as determined by titration, ten 
cave a negative Wassermann, with cholesterin antigen; nine, a +; four, a ++; 
twelve, a +++; and five, a ++++. The mean value was ++. From similar 
tabulations the equivalent values shown in Table V were estimated. 


TABLE V 
EQUIVALENT VALUES FOR KAHN AND WASSERMANN METHODS (APPROXIMATE) 


WASSERMANN 


CHOLESTERIN ALCOHOL 
KAHN UNITS QUALITATIVE KAHN ANTIGEN ANTIGEN 
FIRST SECOND THIRD 
TUBE TUBE TUBE 
0 0 0 0 0 0 
0.4 0 0 : 0 0 
1.0 0 ; 4 n 0 
2.0 4 £4 4 fk of + 4 4 
4.0 eS & " oe oe ff. of tet $f of of 


<r Oe ee 


TABLE VI 


COMPARISON OF VALUES OBTAINED BY KAHN TITRATION AND BY SIGMA REACTION 


KAHN NO. OF NO. SHOWING LOWEST HIGHEST AVERAGE _ 
UNITS SERA NEGATIVE SIGMA P SIGMA SIGMA 
SIGMA READING READING READING 
0 ; 141* ° ~— ——: eee! sees aiid 0.1 - 
0.4 27 14 0 2.5 0.9 
1.0 22 4 0 4.4 1.6 
2.0 23t 3 0 5.9 3.4 
4.0 30 0 1.5 21.0 14.0 
8.0 39 0 3.6 114.0 32.0 
20.0 24 0 of 254.0 65.0 
40.0 7 0 61.0 450.0 2°90 
*One serum showing Wassermann Reaction ++++ and 124 Sigma Units omitted. 


7One serum showing +++ Wassermann Reaction and 62 Sigma Units omitted. 
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Comparing the results of the Kahn titration with those of the Sigma reae- 
tion, similar wide variations were found. The extent and frequency of those 
As the Sigma readings are numerically expressed, 


are indicated in Table VI. 
It will be seen by comparing the figures in 


it was possible to average them. 
the first and last columns that for weaker sera the average number of units 
estimated was somewhat greater in the Sigma and that for very strong sera 
the Sigma gave much higher readings. 

Two strongly reacting sera which gave a negative or weak Kahn (see 
Table XI) were omitted 
represented definite failures for the Kahn technie and had no bearing on the 


from this tabulation because it seemed that these 


quantitative relationship of the two methods for numerically representing 
results. 
REACTIONS OBTAINED WITIT NONSYPHILITIC SERA 

The first point to determine in regard to these reactions was the number 
of units that might be found by this method in nonsyphilitie sera. This is not 
a simple problem as one ean never rule out the possibility of latent infection. 
We have, however, tabulated 105 tests from 98 patients who showed no evi- 
Jence of syphilis. The values found are shown in Table VII. 

The cases studied were for the most part patients with diseases of the 
skin or those referred to a dermatologic clinic on account of some question as 
to syphilitie infection. The frequency of doubtful Wassermanns was much 
greater than would be found in the same number of quite normal individuals. 


TABLE VII 


FINDINGS IN NONSYPHILITIC SERA 


WASSERMANN WASSERMANN SIGMA REACTION 
QUANTITIVE KAHN CHOLESTERIN ALCOHOLIC ’ 
REACTION ANTIGEN \NTIGEN (46 SERA TESTED ) 

0.0 Units 79 Sera 0 OL Sera 0 101 Sera 0 $2 Sera 
0.1-0.3 Units 13 Sera 
0.4-0.7 Units 9 Sera 1-1.5 Units 4 Sera 

15 Units 2 Sera ; 9 Sera 2.2 Units 1 Serum 

2.0 Units 1 Serum t Sera 4 Sera 

3.0 Units 1 Serum L 4 1 Serum 15.0 Units 1 Serum 


Three other sera from nonsyphilitie patients gave the following readings: 


Tube l 2 3 4 5 6 7 S 
Serum 1 1 2 ] 0 0 0 0 0 
Serum 2 3 2 ] 0 0 0 0 0 


Serum 3 l l 2 1 0 0 0 0 


These were considered as containing less than 0.4 unit on account of the 
low readings in the first tube. The four sera showing from 1.5 to 3 units were 
among those which also gave feeble Wassermann reactions. 

Reactions in the first tube (0.1-0.3 units) were found so frequently as to 
indicate that they are of no specifie significance. It is hardly possible that 
all of the 9 patients who showed precipitation in the second tube (0.4 to 0.7 


units) had unrecognized latent syphilis. If nonsyphilitie sera may contain 
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this amount of reacting substance it seems necessary to regard all such reac- 
tions as negative except in known syphilitic eases under treatment. 
Two patients in this apparently normal group showed weak reactions of 


»3 units. One was a ease of acne which we have been unable to examine 
His Kahn titration showed 3 units, his Wassermann 


carefully or to follow up. 
The other was a case of 


with cholesterin antigen -, with alcoholic antigen 0. 
furunculosis with acetonuria, otherwise negative on repeated examination. 
Spinal fluid was not obtained. Three samples of his serum gave the following 


rasults: 


WASSERMANN WASSERMANN 
DATE KAIIN SIGMA CHOLESTERIN ALCOHOL 
REACTION REACTION 
April 21 0 units 2.2 units 0 . “6 
May 22 0.6 units 1.1 units 0)? 0 
Nov. 10 2.0 units 15.0 units 


Weak reactions of this type are insufficient basis for a diagnosis of syph- 
ilis without confirmatory evidence. For that matter no single serum test war- 
rants such a diagnosis. In this small series we have found no Kahn reaction 
stronger than 8 units in the absence of syphilis, but in routine tests with the 
qualitative Kalin we have met in a few instances with a strongly positive Kahn 
and a negative Wassermann which was obtained on repetition with the same 
specimen but not with other specimens from the same patient. The patients 
* posi- 


‘ 


were apparently free from syphilis on further examination. The term 

tive’’ implies a finality that these serum tests do not possess. On the basis of 

these results with nonsyphilitie sera we would class our unit findings in the 

Kahn reaction as follows: 

1.0 to O.7 units Negative. 

1.0 to 1.5 units Doubtful. Of value only with strongly confirmatory evidence. 

2.0 to 3.0 units Weak Reactions. These probably oeeur oceasionally in the absence of 
svphilis. 


1.0 or more units Strong Reactions. Equivalent in significance to a Wassermann. 


VALUES IN UNTREATED SYPHILIS 


In untreated cases of active syphilis the titration usually showed a high 
alue, of from 8 to 60 units. The strength of the reaction bore no relation to 
the activity of the infection, and very high values were met with in econtinu- 
uusly latent eases and in those in which all symptoms had subsided under 
reatment. One robust man, who gave no history of infection and showed no 
igns of syphilis on careful examination but whose child had a frank congen- 
‘al infection, gave a titration of 50 units. 

On the other hand low values were oceasionally found in patients with 
lefinite symptoms. Two who had late secondary exanthems showed only four 
nits by the Kahn reaction, and one of them when tested by the Sigma method 
howed only 10.3 units. 

In tertiary syphilis the values were often higher than in secondary eases. 
ine patient, however, with a definite gumma of the clavicle showed only 1.5 
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units in the Kahn test and a negative Sigma and Wassermann; and another 
patient with an aortitis gave only 0.7 units with a ++ Wassermann. 


TABLE VIII 
FINDINGS IN UNTREATED CASES OF SYPHILIS 


WASSERMANN 


NO. OF KAHN 
DIAGNOSIS CASES TITRATION SIGMA CHOLESTERIN ALCOHOLIC 
Primary 3 1.5-60 esis Sade ned eer 
Secondary 20 4 -50 10.3-311 
Tertiary 25 0.1-60 0 -797 0-4 Barre = 
Latent 27 1.5-50 83-93 0 


SYPHILIS OF TILE CENTRAL NERVOUS SYSTEM 


The possibility of determining the significance of weak reactions seemed 
greater in patients with syphilis of the central nervous system because in the 
majority of cases the diagnosis can be established by physical signs or by 
spinal fluid examination without reference to the serum reaction. It is in such 
cases also that weak and doubtful serum reactions are most frequently found. 
Most of the patients studied were under treatment, but none of them could be 
regarded as cured. 

Tabulating the results of 233 tests from 50 cases of tabes, 14 cases of 
meningovaseular syphilis, and five eases of latent syphilis of the central 
nervous system (that is, eases with positive fluid but no signs of cerebrospinal 
lesions), the values in the Kahn titration varied from 0-40 units. Twenty- 
five sera were negative in all tests; 92 gave strong reactions in both Kahn and 
Wassermann. The results are summarized in Table IX. 


TABLE IX 


FINDINGS IN SYPHILIS OF THE CENTRAL NERVOUS SYSTEM 


KAHN TITRATION | WASSERMANN CHOLESTERIN | WASSERMANN ALCOHOLIC 
Negative 0-0.7 45 sera 0 51 sera 0 70 sera 
Doubtful 1-1.5 29 sera 37 sera | 
Weak 2-3 55 sera + 4 17 sera | +-++4 39 sera 
Strong 4-40 104 sera H++t-+44 127 sera | +4+4+-+44 123 sera 


The advantage of the Kahn appeared in the detection of weakly reacting 
sera. With these syphilitic specimens it gave more such results than did the 
Wassermann, whereas with the nonsyphilitie sera (Table VIT) the Wassermann 


vave more weak reactions than did the Kahn. 


VALUES FOUND IN TREATED CASES OF EARLY SYPHILIS 


Further evidence as to the significance of weak Kahn reactions was fur- 
nished by tests made on eases of early syphilis during treatment. In most of 
those which we were able to follow doubtful Kahn reactions persisted after 
the Wassermann became negative. In some the Kahn also became negative a 
few weeks after the Wassermann (Chart I); in others a fractional Kahn per 
sisted for a long time before it eventually disappeared (Chart II). These cases 
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are in contrast with others which were studied after a satisfactory course 
of treatment early in their infection and which showed for a year or two, 
titrations which were completely negative except for occasional findings of 
0.1 or 0.2 unit. 

We were able to observe the course of one ease in which fractional Kahn 
reactions appeared of very definite significance. This patient had begun treat- 
In three months his Wassermann became 


negative but relapsed to six months later. The following year the 


ment early in the secondary stage. 


Wassermann again became negative and remained so continuously for two 
vears, except for a single finding of and another of + in the cholesterin 
test. During this period, however, a weak or doubtful Kahn was almost 
uniformly found. This gradually inereased in strength until in Mareh, 


CnArT I, PERSISTENCE OF KAHN REACTION AFTER WASSERMANN BECAME NEGATIVE 
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syphilis under treatment. The Wassermann reaction became nega- 
ame doubtful and two months before it became completely 
period 


A case of secondary 
tive one month before the Kahn _ bex 
negative. The slight relapse in the Kahn in the ninth to eleventh months followed a 


where inunctions were substituted for injections. 


1926, (after three and a half years of treatment) his serum showed five Kahn 
units and a negative Wassermann. Two months later he returned with a 
cutaneous relapse, evidenced by a hypertrophic papule on the serotum with a 
positive Spirochete find, a ++++ Wassermann, and a Kahn reaction of 20 
units. The reactions for a year preceding the relapse are shown in Chart III. 

In this instance it seems that the persistent fractional Kahn reaction was 
evidence of remaining latent infection. In a number of other eases which had 


previously shown clinical or serologic relapses, we have found a Kahn of from 
(.4 to two units with a negative Wassermann. We have come, consequently, 
to regard the repeated finding of so little as 0.4 of a unit as suggestive of 
persistent infection in treated cases. It is necessary to add that a negative 
Kahn is no proof of cure as is evidenced by quite negative titrations in cases 


of known syphilis of the central nervous system. 
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QUANTITATIVE ESTIMATION OF STRONG REACTIONS 


Up to this point we have been concerned chiefly with the interpretation 


of weak reactions. Another object of these quantitative tests was to follow 


variations of the reactions in strong sera. In secondary eases a weakening 
could sometimes be detected before the Wassermann reaction fell below 
(Charts I, Il, and [V-A); but such a change could more often be ob- 


Cuakr Il. PERSISTENCE OF KAHN REACTION AFTER WASSERMANN BECAME NEGATIVE 
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A case of secondary syphilis during treatment. The patient responded slowly. The 
Wassermann became negative four months after beginning of treatment, the Kahn ten months 
later. The Kahn showed distinct weakening in the reaction before the Wassermann. Th 
Sigma followed the same general course as the Kahn reaction but its curve showed mor: 
irregularities. 


CuHaArtT III. GRADUAL INCREASE IN THE KAHN REACTION PRECEDING A CLINICAL RELAPS! 




















eORTHS 
. 10 























A positive Wassermann was not obtained until after the outbreak of symptoms. 








QUANTITATIVE DETERMINATION OF THE KAHN REACTION 159 


served in late eases which respond more slowly to treatment. In these a 
gradual weakening of the titration was often the only evidence of response to 
treatment for a long period during which the Wassermann reaction and qual- 
itative Kahn remained ++ ++ (Chart IV-B). 

As to the accuracy of these quantitative determinations, it is difficult to 
offer proof. The most definite evidence was obtained from cases followed 


CHART IV. RESPONSE TO TREATMENT SHOWN BY KAHN But Not BY WASSERMANN REACTION 
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A. A case of secondary syphilis during the first two months of treatment. 
B. A case of tertiary syphilis during the first six months of treatment. 
The Kahn showed distinct weakening in the reaction before any change 
in the Wassermann. 
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CHART V. VARIABILITY IN THE WASSERMANN REACTION AS COMPARED WITH THE KAHN 


























A. A case of meningovascular syphilis during two months of treatment. The Kahn 
wed consistently from 2 to 4 units while the Wassermann varied from + to A 
ir later this patient still showed 2.5 units in the Kahn test and a +++ Wassermann, in- 
iting that the variations in the Wassermann were of no significance. 

B. A case of late congenital syphilis under treatment. The Kahn showed a slight but 
nsistent weakening in the reaction while the Wassermann showed erratic variations. 


ciring treatment. In general the Kahn showed fewer erratic variations than 
(1 the Wassermann as shown in Chart V. Frequently it furnished curves 
wich were more regular than those plotted from the Sigma. Only large dif- 
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TABLE X 
SUMMARY OF DISAGREEMENTS BETWEEN TIE WASSERMANN AND THE QUANTITATIVE 
KAHN REACTIONS 


KAHN STRONGER THAN WASSERMANN 
ae NON- 
SYPHIL- 


Strong 
(4 units) 


WASSER 
MANN 


Negative 


SYPHIL 
ITIC SERA 


ITIC 


SERA 


AND CLINICAL 


MEDICINE 


WASSI RMANN STRONGER THAN KAHN 


WASSER 
MANN 


Strong 


KAHN 


Negative 
(0-0.7 unit) 


NON- 
SYPHIL 
ITIC SERA 
4 0 


SYPHIL 
ITIC SERA 





Weak Weak Negative 13 


2-3 units) 
Doubtful 
(1-1.5 units) 
Strong 
(4-8 units) 
Weak 


Negative 


Doubtful Negative 34 


Negative 


Doubtful Strong Doubtful 12 


Doubtful Weak Doubtful 


16 


ferences in titer seemed significant, however, and we have plotted our curves 
on abscissae each of which represents one tube in the titration. This is ap- 
proximately a geometric progression in the number of units. 
COMPARISON OF THE KAHN TITRATION WITH THE WASSERMANN 
The tabulation of tests made in syphilis of the central nervous system 
indicated that the quantitative Kahn revealed more positive reactions than 
It seemed that a summary of all the instances in which the 


We have grouped 


the Wassermann. 
two methods disagreed might be of interest (Table X). 
the Kahn titrations according to the definitions already given and the Was- 
sermann reactions as follows: 

with cholesterin antigen and + with aleoholie antigen, or 
weaker, are classed as doubtful. Reactions of with both anti- 
All intermediate sera, including these which 


Reactions of + 
or 
gens are classed as strong. gave 
a strong reaction with one antigen and a negative with the other, are classed 
as weak. 

In this summary the Kahn reaction shows to advantage at almost every 
The most significant item is that of the 14 nonsyphilitic 
Ten of these 


point of comparison. 
sera which gave a doubtful Wassermann and a negative Kahn. 
showed no precipitation whatever in any tube of the titration, making it clear 
was not specific. 
difficult question 
seems to be that 


that the slight inhibition observed in the Wassermann test 

We have found the Kahn helpful in deciding the often 
of the significance of a + Wassermann. The reason for this 
a result in the quantitative Kahn which would be recorded 
doubtful reaction, is one which shows a weak precipitation (++) in the third 
+) in the first tube. This will seldom 


as one unit or a 


tube but a maximum precipitation (4 
result from technieal error and is never a question of judgment on the part 
Wassermann signifies a slight inhibition 
The question. 
or 0 is one ¢ 


of the reader. On the other hand, a 
of hemolysis, which may easily be caused by technical error. 
moreover, as to whether such a test should be regarded as 

which two readers will frequently disagree, so that a subjective factor ente! 
into the determination of a + Wassermann. The quantitative Kahn metho! 


nearly eliminates such errors in recording weak reactions. 
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There were a few cases in which the Kahn failed. One was that of a 
patient with a large gumma of the ulna. The first specimen obtained showed 
an extraordinary prezone, sufficient to mask the qualitative Kahn but not the 
titration. The third specimen was negative in both the Kahn methods, though 
still positive in the Wassermann (Table XI). 


TABLE XI 


SUCCESSIVE TESTS ON A CASE OF GUMMA OF THE ULNA SHOWING AN EXTRAORDINARY PREZONE 


WASSERMANN QUALITATIVE KAHN 


DATE CHOLESTERIN ALCOHOLIC KAHN TITRATION SIGMA 

9/15 rer ara "grape 000 00000040 311 Units 
(30 Units) 

9/29 t+44 t+44 + + 33323443 153 Units 
(50 Units) 

10/2 t+ $444 O00 070000000 124 Units 

10/13 tt +4 t+4+4 tt+44 0oc08244893 410 Units 


(40 Units) 


COMPARISON WITH SIGMA REACTION 


In the cases studied the values found by the quantitative Kahn method 
appeared as consistent with the clinical findings as did those by the Sigma. 
Values of less than one Kahn unit were found in a few normal sera which 
gave negative Sigma reactions, but reference to Table VII shows that even 
in a small series of apparently nonsyphilitie cases a positive Sigma reaction 
of over two units was observed in two instances. It would seem from this 
that the Sigma is no more nearly specific than the Kahn. Technically, the 
quantitative estimation by the Sigma method consumed far more time and 
offered more chances for mistakes. The incubation must be carried on in a 
water-bath carefully controlled as to temperature and depth, and the prepara- 
tion of the antigen suspension must be performed with extreme care. Errors 
in either of these steps may interfere seriously with the reaction. We also 
found the preparation of a satisfactory antigen extract by the Bordet-Roulons 
method diffieult. 

We wish to express our indebtedness to Dr. H. K. Ward and Dr. P. H. 
Jones who kindly helped us aequire the technie of the Sigma reaction and 
supplied us with the antigen with which the tests here reported were per- 


formed. 
COMPARISON WITIL THE QUALITATIVE KAIIN 


The quantitative method which we have employed differs from the routine 
Kahn test only in the ratios of antigen and serum employed and in the ex- 
pression of the results in terms of units. It does, however, indicate the 
strength of the reaction more clearly than ean be done by the qualitative 
method. In reporting the standard Kahn it is somewhat confusing to give the 
results obtained in each of the three tubes. On the other hand averaging the 
results in the three tubes gives a false valuation for many strong sera which 
show a prezone. We have discussed this question in a previous paper,’® but 
the point ean be made clear by the following illustration. 
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In Table XI are shown three sera. The first was from an untreated case 
of gumma of the leg. The serum gave a Kahn reaction of ++++4, +++, +4 
(average +++). The quantitative test showed 60 units and the other reae- 
tions were strongly positive. 

The second serum was from a latent case that had been treated off and 
on for twelve years. The Kahn reaction was ++, +++, ++++, which gave the 
same average as the first specimen, +++, although the titration showed only 
two units and the Sigma and the Wassermann indicated a very weakly react- 
ing serum. 

The third ease was also latent and had been treated with fair thorough- 
ness on the outbreak of the secondary eruption two years before. His quali- 
tative Kahn test was 0, ++, +++4+, which gave an average of ++, but the titra- 
tion showed only 1.2 units, and the Sigma and Wassermann reactions were 
negative. 

In these instances reporting the reactions by averaging the three Kahn 
tubes would have been distinctly misleading, whereas the unit method made 
clear the difference in strength of the reactions. 


TABLE XII 


EXAMPLES OF SERA OF WIDELY DIFFERENT STRENGTHS GIVING SIMILAR AVERAGES IN THE 
QUALITATIVE KAHN 


QUALITATIVE KAHN 
case : eunne QUALITATIVE geen WASSERMANN 
ASE >} . A) © 
Pn > - : KAHN CHOLESTERIN ALCOHOLIC 
Ist 2ND 3RD AVERAGE| 
6 Units (465 Units ++++4 t+++ 
Units 2.4 Units + 


-" 
Active Tertiary 4 3 2 +441 
Treated Tertiary 2 3 4 ht | 
Treated 

Secondary 0 9 4 i’ | 


,) | 
1.2 Units | 0 Units 


The choice of an antigen ratio of 1-8 as a basis for unit determination 
instead of 1-6, as in the qualitative Kahn, is of no importance except that 
fractions of the amounts used are easier to measure on a standard pipette. 

The use of serum-antigen ratios lower than those of the qualifative Kahn 
enables one to detect weak reactions in sera giving a negative qualitative test 
and to obtain a maximum degree of precipitation in others which give only a 
+ or ++ in the third tube of the standard Kahn. This makes weak reactions 
more definitely objective. The reactions so determined, though of little use 
in diagnosis, have seemed of real help in studying cases under treatment. 

The employment of higher antigen-serum ratios to differentiate between 
the strength of sera giving a + +++ with the qualitative test is also of help in 
observing the effects of treatment. 

We now employ tubes two, three, four and five of the titration described 
in routine work. This enables us to differentiate and report tests of from 0.3 
to six units which gives to the clinician a definite indication of the strength of 
the reaction. The entire titration is set up, when necessary, in cases where it 
is desirable to observe the effect of treatment. 

The method described is not presented as a final one, and it is not expected 
that exact correspondence in unit values will be obtained by different labora- 
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tories. If this were to be attempted, it would be necessary to introduce a 
correction factor for each antigen extract used. It has seemed, however, suffi- 
ciently accurate for comparing strengths of various sera tested in the same 
laboratory. 

SUMMARY 


1. A simple procedure is described for quantitative estimation of the Kahn 
reaction. This permits a clear expression of the strength of the reaction in 


terms of arbitrarily defined units. 

2. In certain patients whose Wassermann remained continuously ++++ 
under treatment a response to therapy was shown by the diminishing unit 
value of their Kahn reactions. 

3. It was also possible in these titrations to detect a persistent abnor- 
mality in the sera of many patients whose Wassermann had become negative 
under treatment. While these reactions were too weak to be of diagnostic 
value, they appeared to be significant when found repeatedly in treated cases. 

4. When sera which gave a doubtful Wassermann were tested by this 
method, it was found that nearly all of those from nonsyphilitie patients fell 
in the negative zone whereas those from eases of late syphilis frequently gave 
a definite Kahn reaction. We believe that the procedure is of real value in 
interpreting the significance of these doubtful reactions. 
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LABORATORY METHODS 


NOTES ON BASAL METABOLISM* 


X. SIMPLIFIED DATA BLANK FOR GASOMETER GAS ANALYSIS 
METHOD? 


By Winturam H. Stoner, A.M., M.D., Putmapenrnta, Pa. 


HE SIMPLIFIED calculation of basal metabolic rate, by the gasometer 

gas analysis method, described in the preceding note of this series, may be 
made conveniently on the blank shown in Fig. 1, as illustrated by the example 
given in Fig. 2. This blank is so designed as to require a minimum of record- 
ing and calculating. It provides for the ealeulation of basal metabolic rate by 
the Harris and Benedict, Dreyer and Aub and DuBois standards, respiratory 
quotient, theoretic or normal weight of Dreyer and all the usual partial values 
of these calculations. 

The numbers in the following description refer to those of Fig. 1: 

1. The name of the subject is best recorded in the way it is easiest found 
—last name first, followed by a comma, then first name in full, and finally 
middle initial. Much time is saved in searching hospital records for old case 
histories when this method of the United States Government bureaus is used 
consistently. 

2. Varies with the hospital or clinic. In a private hospital this space 
may be used for room number and in private practice for the patient’s ad- 
dress. In research on normals it may be used to designate the group, ete. 

3. In recording dates the name or abbreviation of the name of the month 
is used rather than its number on account of the confusion arising in the 
minds of European students in the laboratories who have interpreted, for 
example, 3/6/26 as third of June, 1926. If the number of the month is to be 
used it should be given the Roman form, III/6/26, or better 6/III/26. 

4. Case number, hospital serial number or group number may be recorded 
here as is found convenient. 


*From the Biochemistry Laboratory and the Department of Metabolic Diseases of the 
Graduate School of Medicine of the University of Pennsylvania. 
Received for publication, March 15, 1927. 
+Preceding Notes of this series appeared as follows: 
3 seetises Clinical Method of Determination, Boston Med. and Surg. Jour., 1923, clxxxix 


II. A Simplified Data Card for Clinical Determination, Boston Med. and Surg. Jour., 1922 
clxxxix, 195. 
Ill. Errors of Clinical Determination. Boston Med. and Surg. Jour., 1923, elxxxix. 232. 
IV. Selection of Normal Standards, Boston Med. and Surg. Jour., 1923, clxxxix, 236. 
V. Tables of Values for Drever’s Formulas, Boston Med. and Surg. Jour., 1923. clxxxix, 239% 
VI. Complementary Tables of Values of Dreyer’s Formulas, Boston Med. and Surg. Jour 
1924, exci, 1026. 
VII. Actual versus Theoretic Weight in Dreyer’s Formulas, Boston Med. and Surg. Jour 
1924, exci, 1030. 
VIII. Tables of Values of the DuBois Surface Area Formula, Jour. LAB. AND CLIN. MED 
1926, xi, 355. 
IX. Simplified Calculation for Gasometer Gas Analysis Method, Jour. LAB, AND CLIN, MED 
1927, xii, 884. 
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5. The possibility of error in recording sex of a patient was discussed in 
No. III of this series of notes. 

6. Nude weight in pounds. Many hospitals are not equipped with scales 
weighing in kilograms. If the subject is weighed in kilograms, this space is 
left blank. 

7. Nude weight in kilograms is obtained either by direct weighing, or 


GRADUATE SCHOOL OF MEDICINE — UNIVERSITY OF PENNSYLVANIA 
BASAL METABOLIC RATE 


Name— 1 Ward— 2 Date— 3 No.— 4 
Sex— 5 Weight— 6 Ibs. x .454= 7 Kg W. factor— 11 
Age- 8 Stature 9 ins. x 2.54=10 cm. S. & A. factur— 12 
Sitting height— 14 cm. w,- 16 Sum— 13 =H 
Chest circum.— 15 cm. Wa—_17 
Sum— 18 +2=19 =W, 

Diagnosis— Barometer— 20 —(21 +22 )= a3 P 

Gasometer— Constant— 0193 =K 

Before During Alter 
Pulse 33 - 33 33 Final reading— 9 
Respiration 34 4 — & Initial reading— 26 
Notes 35 Dif. 29 x23 = 29 
Centigrade temperature 31 273 32 =t 


Gas Analysis 


No. 1. Readings Corr. Volume 


36 37 38 





co 41 
% Oo 42 
Average CO2— 48 — (4 =_48 49 Ro 
Apparatus— 39 Analyst— 40 Average ‘“« Oo - 44 
No. 2. Readings Corr. Volume Sum—45 
a ed 38 ‘Ne—( 46 x .2618)—Oz= 47 
* COz— 41 50 
% O2— 43 
Apparatus— 39 Analyst 40 
B.M_R. (Harris and Benedict) = “s re - —ltv= 52 = 
D= 52 B.M.R. (Dreyer) Pe. H__ _ o> 89 
A= & 
S= 55 B.M.R. (Aub and Du Bois) oo keh Be -100= 56 


Revetens bedes Cord Co Peide On018 


Fig. 1.—Simplified data blank for determination of basal metabolic rate by the gasometer 
‘4s analysis method. The numbers correspond to paragraph numbers in the descriptive 
matter, 


from the weight in pounds by slide rule or caleulating machine multiplication 
by 0.454, or, better, by reference to a conversion table or scale such as is 
found in many engineering handbooks, physical tables and laboratory man- 
uals. Convenient conversion seales are given by Carpenter’ and Joslin.? 
Sanborn’ gives a conversion table. 


8. The age is recorded in years to the nearest year. 
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9. Standing height, without shoes or slippers, in inches. If stature is 
measured in centimeters, this space is left blank. 
10. Stature in centimeters may be obtained either by direct measurement 


or by multiplication by slide rule or caleulating machine of the stature in 


inches by 2.54. A conversion table*® or scale’? is a convenience. 


11. Weight factor is the numerical value of 66.473 + 13.572 w (males) 


GRADUATE SCHOOL OF MEDICINE — UNIVERSITY OF PENNSYLVANIA 
BASAL METABOLIC RATE 
Name - fom, Mone Mary Ware Fy bn “1S Date— 20/¥/26 No. P- $65 
x—F 


130/74 ths. x 45 SJ: Kg W. factor— 422) 
13 


Se Weight 
Age - 25 Stature 63% ins. x2 S. & A. factor— 
Sitting height 57. Vv em - Sum 


73.$ 


19049 4) 


$6.5 <w, 
Barometer— 775.6 —(26§.3.¥ ) 
Gasometer ?-! Constant 
92.6 
pit 42.3 x 1335 


e 27 +273 


9975 

9.65% 

7.930 
\nalyst 


me 


B.M R. (Harris 


on Cart Co Pein ean 


Fig. 2.—Simplified blank showing data of an actual determination. 
or 655.096 + 9.563 w (females), in which w is the nude weight in kilograms. 
Values of the weight factor for male and female adults are tabulated by Harr 
and Benedict,* Carpenter,’ Benedict,’ and Joslin.? 

12. Stature and age factor is the numerical value of 5.003 s — 6.759 
(males) or 1.850 s — 4.676 a (females), in which s is stature in centimeters ani 
Values of this factor for adult males and females are tabu- 


a is age in years. 
lated.* » * ° 
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13. The sum of the weight factor and the stature and age factor is ex- 
pected daily heat production in calories according to the prediction formulas 
of Harris and Benedict. This space may also be used for recording the 
expected twenty-four-hour calorie production in children according to the 
standards of Benedict and Talbot," or of Benedict.’ 

14. Stem or trunk length in centimeters according to the method of 
measurement of Dreyer and Hanson :* 

“It is taken with the subject sitting on the platform, the following points 
being carefully observed: 

‘The subject places the backs of the fingers upon the platform on which 
he sits, and, with the fingers pointing backwards and the knees flexed, lifts 
the lower portion of the body gently backwards until the lowest bony portion 
of the os sacrum is in contact with the front of the measuring standard. The 
hack is then straightened until the back of the head comes into contact with 
the standard. It will be found that different persons require to bend the 
knees in different degrees in order to achieve this position. The head should 
he tilted neither up nor down, and the eyes should look straight forward. The 
measurement thus obtained gives the distance betwen the ischial tuberosities 
and the top of the head. 

“If no proper measuring stand is available, fairly accurate readings can 
he obtained in the following manner. The subject should be seated on a level 
floor or a board, with his back against the perpendicular projecting angle 


of a wall or cupboard to which the seale is fixed. He should then proceed to 
seat himself in the manner indicated above. On account of the influence of 
the gluteal muscles, the trunk length should not be taken when the subject 
is seated in a chair, as this affords measurements that are ineconstant and 


that have been found to be as much as 3 per cent greater than those taken 
by the correct procedure.”’ 

15. Chest circumference in centimeters measured as follows :§ 

‘The circumference of the chest should be measured by a tape measure 
in direet contact with the skin (or, if necessary, placed over a very thin gar- 
ment). The measurement is taken at the nipple-level in males, that is to say, 
at the level of the fourth intercostal space in the nipple line; in the case of 
females the measure is taken at the same level, just under the breasts. If 
the measurement in the case of females is taken at the same level over the 
breasts, it is found to be on the average 4% per cent greater than if taken 
helow the breasts. It is therefore necessary to subtract 414 per cent from 
the ehest measurement taken in this way, or, as an alternative method, mul- 
tiply the observed measurement by 0.957, before looking up the corresponding 
weight in the tables. 

‘While being measured, the subject should stand up with the arms hang- 
ing loosely at the sides, and should be encouraged to talk; in this way quiet, 
natural breathing is secured, and expansion of the chest beyond the resting 
position is prevented. The measurement required is that of the normally 
breathing, not expanded chest.’’ 
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16. Theoretic weight in kilograms based upon trunk length according to 
the formulas: 

W, = 2° v/ 0.38025 A (males) or °*"5 \/ 0.36093 A (females) 
in which W, is theoretic weight in grams and AQ is sitting height in centimeters. 
Values of these formulas for the usual sitting heights of males and females are 
tabulated in No. VII of this series of notes. 

17. Theoretic weight in kilograms based upon chest circumference accord- 
ing to the formulas: 

Wen = °° / 0.662 ch (males) or °254 VV 0.30213 ch (females) 
in which W,, is theoretic weight in grams and ch is chest circumference in 
centimeters. Values of these formulas for the usual chest circumferences of 
males and females are tabulated in No. VII of this series of notes. 

18. Sum of Nos. 16 and 17 for the purpose of obtaining the arithmetic 
mean. 
19. Average of Nos. 16 and 17 or theoretic weight based upon sitting 
height and chest circumference according to Dreyer and Hanson.*® 

20. Barometer reading in millimeters of mereury. If this reading is 
recorded in inches and the corrections 21 and 22 are made in inches, the 
constant 0.0193 must be changed to 0.000761. 

21. Tension, in millimeters, of aqueous vapor at temperature, ¢. Values 
of the tension of aqueous vapor are tabulated in numerous textbooks of physies 
and chemistry, in engineering handbooks and by Carpenter,’ and Hawk and 
Bergeim.° 

22. Correction in millimeters of reading of mercurial barometer with 
brass scale for temperature. If this brass scale barometer temperature cor- 
rection is ignored, an error of less than 0.5 per cent is introduced. Tabular 
values of this correction are given by Hawk and Bergeim,’® Carpenter,’ San- 
born* and by various physico-chemical tables. 

23. Corrected pressure in millimeters of mereury under which the ex- 
pired air is measured. 

24. Identification letter or number of gasometer used. 

25. Reading on gasometer scale in centimeters at end of ten-minute test 
after valves are closed. 

26. Reading on gasometer scale in centimeters at beginning of ten-minute 
test before valve is opened to permit subject’s expired air to enter gasometer. 

27. Difference between Nos. 25 and 26, which is the height the gasometer 
bell rose during a ten-minute test. 

28. Gasometer factor, or one one-thousandth of the area of the inside 
cross-section of the bell in square centimeters, determined as described by 
Boothby and Sandiford” or by Hawk and Bergeim.® 

29. Volume in liters at observed temperature and pressure, of the ten- 
minute specimen of expired air, obtained by multiplying 27 by 28. In 
laboratories having but one or two gasometers this multiplication may be 
obviated by dividing the constant 0.0193 by the gasometer factor, using the 
quotient so obtained instead of the constant 0.0193 and using simply the 
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height in centimeters rise of the gasometer bell, 27, for v in the final for- 
mula. This eliminates one multiplication from each determination and is recom- 
mended where a series of determinations are made on one subject with the 
same gasometer as in the seven or more determinations in respiratory quotient 
curve studies before and after dextrose administration." ; 

30. The constant 0.0193 is simply a collection of the constants of a deter- 
mination of basal metabolic rate. 273 (normal absolute temperature) 
multiplied by 144 (the number of ten-minute periods in twenty-four hours), 
divided by 760 (normal pressure in millimeters of mereury) equals 
51.73, the reciprocal of which is 0.0193. Various values may be given to this 
constant. If, for example, the Aub and DuBois standards alone are used, 24 
times 0.0193 equals 0.464 is substituted for 0.0193. The final formula 
to be used in this case is given in the preceding note of this series. Again, 
as stated in paragraph 20, if pressure is expressed in inches rather than milli- 
meters, the constant becomes 0.000761. The constant is changed to 0.00193 if 
the length of the test is not ten minutes, and in this case the time factor in 
minutes is introduced into the denominator of the final formula. As there ap- 
pears to be no good reason, however, for not making the duration of the test 
ten minutes, elimination of the time factor calculation is recommended. 


31. Temperature in degrees centigrade of the expired air in the gasometer 


at the time of final measurement. 
32. For the purpose of the final formula, the temperature is expressed in 


absolute degrees so that the gas volume may be corrected for temperature by 
a simple slide rule multiplication rather than by a tabular factor or by the 
usual factor 1/(1 + 0.003665 t). 

33. Record of the pulse rate in beats per minute before, during, and after 
the test. 

34. Record of the respiration rate in respiratory cycles per minute before, 
during, and after the test. 

35. Notes bearing upon the determination. such as extent of cooperation, 
excitement or movement of subject, dates and results of previous determina- 
tions, general satisfactory nature of test, ete. 

36. Actual burette readings of the duplicate gas analyses, as they are 
made. All the readings are recorded, and when constant volumes are obtained 
pon complete absorption of CO, and O, the readings are simply checked. 

37. The corrections are understood to be all in the thousandths place; 
although the decimal point and ciphers are omitted. 

38. Corrected relative volumes of sample, sample minus CO, and sample 
minus (CO, +0,). 

39. Identification letter and number of analysis apparatus. In these lab- 
oratories, where for teaching purposes many modifications of the original Hal- 
dane apparatus are employed, letters distinguish the various modifications, He 
for Henderson modification, Ba for Bailey, Bo for Boothby, N for Newcomer, 
Hla for Harris, ete. 

40. Initials of analysts. When possible the duplicate analyses should be 
performed by different analysts and with different apparatus. 
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41. The percentage of CO, is most simply calculated on a commercial 
calculating machine by subtracting from the corrected relative volume of 
the sample the corrected relative volume for absorption of CO, and divid- 
ing the remainder by the corrected relative volume of the sample. Decimal 
points may be ignored. 

42. The percentage of O, is calculated similarly by subtracting from the 
corrected relative volume after absorption of CO, the corrected relative 
volume after absorption of O, and dividing the remainder by the corrected 
relative volume of the sample. 

43. The average of the two CO, determinations, which should be rejected 
if at variance by more than 0.02 per cent. 

44. The average of the two O, determinations, which should be rejected 
if at variance by more than 0.03 per cent. 


45. The sum of the CO, per cent and O, per cent of the expired air. 


46. The nitrogen percentage of the expired air may be set down by in- 
spection by subtracting No. 45 (CO, + O,) from 99.99. 

47. The nitrogen percentage of expired air is multiplied (best by a eal- 
culating machine) by 0.2648 and from the product, without recording on 
paper, is subtracted the average oxygen percentage, 44. This factor is the 


denominator of the formula for respiratory quotient and also appears in the 
final formula for basal metabolic rate. See preceding notes of this series. 

48. The difference between the average percentage of CO, in the expired 
air and 0.04 is the numerator of the respiratory quotient. 

49. No. 48 divided by No. 47 gives the respiratory quotient. 

50. Colorifie value of one liter of oxygen at normal temperature and 
pressure according to the table of Zuntz and Schumburg™ or of Magnus- 
Levy.’* See preceding note of this series. The former tables are transcribed 
by Boothby and Sandiford,'® Carpenter,’ Sanborn,’ and Hawk and Bergeim.” 

51. Basal metabolic rate by any method based upon 24 hour standard 
calorie production, as Harris and Benedict,‘ Benedict and Talbot,® or Bene- 
dict.’ The method of calculation of the formula was discussed in the pre- 
ceding note of this series. 

52. Calorie production per day according to the formulas of Dreyer.” 
Tabular values of these formulas appear in Nos. V and VI of this series of 
notes. 

53. Basal metabolic rate according to Dreyer’s standards. If only the 
Dreyer result is desired, the formula for the Harris and Benedict basa! 
metabolic rate is used substituting D for H. If, however, the Harris and 
Benedict result has been calculated, the Dreyer result is most simply obtained 
by multiplying (by slide rule) the value of the fractional part of the Harris 
and Benedict formula by H and dividing by D as indicated in the formula. 

54. Calorie production per hour per square meter body surface accord 
ing to the normal standards of Aub and DuBois.’° These values are tabu- 
lated by Boothby and Sandiford,’® Carpenter,’ Benedict,® Sanborn,* and in 
No. IV of this series of notes. 

55. Body surface area in square meters according to the formula of 
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DuBois and DuBois.'"" Graphs of the values of this formula have been pub- 
lished by Boothby and Sandiford,'’ Carpenter,’ Benedict,” Sanborn* and 
tabular values appear in Sanborn’ and more fully in No. VIIL of this series 
of notes. 

56. Basal metabolic rate according to the normal standards of Aub and 


DuBois. If only the Aub and DuBois result is desired the formula as stated 


for the Harris and Benedict basal metabolic rate is used substituting 0.464 
for A, and S times A for H. (See preceding note of this series.) If how- 
ever, the Harris and Benedict result has been determined, the Aub and DuBois 
result is most simply obtained by multiplying (by slide rule) the value of the 
fractional part of the Harris and Benedict formula by H and dividing by 24, 
by S and by A, as indicated in, the formula. 
SUMMARY 
There is described and illustrated a blank for recording the data and 
calculations, without logarithms, of the determinations, by the gasometer gas 
analysis method, of respiratory quotient and of basal metabolie rate by the 
standards of Harris and Benedict, of Drever and of Aub and DuBois. 
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THE ESTIMATION OF PLASMA CHLORIDES* 


By ArNoup E. Osterserc, Pu.D., anp Epna V. Scu™upt, S.B. 
ROCHESTER, MINNESOTA 


yma the publication by Volhard in 1874 of his simple method for the 
estimation of chlorine in an acid solution, many variations of the pro- 
vedure have been described, and in many of these the method has been used 
for the estimation of chlorides in blood plasma. The advantages and the 
disadvantages of the various procedures have been fully discussed in papers 
such as these by Rappleye, Greenwald and Weiss, Whitehorn, and Van Slyke 
and his coworkers. It has seemed to us that in many instances the simple 
procedure as described by Volhard has been made unnecessarily complex and 
time consuming. The method of McLean and Van Slyke necessitates two 
filtrations whereas the remainder of the methods in current use, as far as 
we know, necessitate one filtration. This, of course, presupposes accurate 
dilutions and the use of definite aliquot portions. Any method by which 
filtrations and accurate dilutions can be avoided is of considerable advantage 
in large clinical laboratories in which many chloride estimations must be 
carried out with sufficient accuracy for clinical interpretation. For several 
years during which we made a great many determinations of chlorides in 
solutions containing precipitates of organic materials, and in the presence of 
the acid color of such dyes as phenolsulphonephthalein, we have had no diffi- 
culty in accurately determining volumetrically the chloride content of the 
solutions. In other words the end point as shown with ferric ammonium 
sulphate as indicator in the presence of other colors is sharp and distinguish- 
able, and no loss of chlorides has taken place by reason of the presence of 
various precipitates. 

With knowledge of the foregoing it seemed entirely possible that with 
very little experience one should be able to determine the chlorides in blood 
plasma in the presence of a protein precipitate, silver chloride, and the 
yellow of iron oxalate. Accordingly, we carried out a series of parallel de- 
terminations by the method of Whitehorn and the method described further 
on. These determinations were made entirely on blood plasma from patients 
and included the estimation of definite added amounts of sodium chloride as 
well as the determination of the chloride content. In the titrations by the 
method described we have used as an end point the first change in color that 
spreads throughout the whole solution. This end point obviously is transient 
and differs, for instance, from that of Whitehorn who uses a color that is 
permanent for fifteen seconds. The use of the first change in color which 
spreads throughout the whole solution is perhaps open to adverse criticism 
theoretically, but for practical purposes it gives a high degree of accuracy 

*From the Section on Biochemistry, Mayo Clinic, Rochester, Minnesota. 
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and we feel that it is more easily reproducible and less confusing than one 
which involves a time interval. This is shown by the quantitative recovery 


of chlorides added to blood plasma. (Table I.) 


TABLE I 


RECOVERY OF SODIUM CHLORIDE AFTER ITs ADDITION 'o 1 C.C. OF OXALATED HUMAN 
BLoop PLASMA 


SAMPLE MILLIGRAMS SODIUM MILLIGRAMS SODIUM | MILLIGRAMS SODIUM 
CHLORIDE ADDED CHLORIDE FOUND CHLORIDE RECOVERED 
AUTHOR’S METHOD 

0.00 5.78 0.00 

0.24 6.02 0.24 

0.48 6.27 0.49 

0.72 6.50 0.72 

0.96 6.76 0.98 

1.20 6.98 1.20 

1.44 722 1.44 

1.68 7.47 1.69 


2 


Cm Or 


NG 


WHITEHORN METHOD 
0.00 5S5 0.00 
0.24 6.09 0.24 
0.48 6.33 0.48 
0.72 6.57 0.72 


0.96 6.81 0.96 


METHOD 


The method which we recommend and which we have used in hundreds of 
estimations, checked in duplicate by the method of Whitehorn, is as follows: 
One cubie centimeter of plasma is pipetted into a 125 ¢.c. Erlenmeyer flask 
and to this is added 10 ¢.c. of 1:3 nitric acid. The nitrie acid is added 
preferably from a burette slowly and with agitation of the blood plasma so 
that a white, flocculent precipitate of the plasma proteins is obtained. If the 
uitrie acid is poured in rapidly a curdy and rather sticky precipitate is formed 
which may oeclude a certain amount of chlorides within the curds. To this 
suspension is added 5 ¢.c. of N/35.46 silver nitrate solution, then 1 ¢.c. of a 
20 per cent ferric ammonium sulphate solution. The excess silver is back 
titrated with N/35.46 ammonium or potassium thiocyanate. These solutions 
are of the same normality as that used in the Whitehorn method; hence the 
calculation of results is the same as he has described. One eubie centimeter 
of the silver solution is equivalent to 1 mg. of chlorine, or 1.65 mg. of sodium 
chloride. We use as the end point, as mentioned, the first trace of color 
which spreads throughout the whole solution from the point at which the 
drop strikes while the flask is gently rotated. This color, of course, fades 
within a few seconds, but technicians have never experienced any difficulty 
in perceiving the change, and we believe that this end point is more repro- 
dueible than an end point such as is described by Whitehorn when a definite 
interval of time is prescribed. 

The results obtained by adding known amounts of sodium chloride to 
oxalated blood plasma are shown in the tabulation. It may be seen that the 
recovery is quantitative in every respect and is sufficiently accurate for 
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research studies as well as for clinical work in which such a high degree of 
accuracy is not necessary. The procedure was carried out with like accuracy 
of recovery by the method of Whitehorn, but to some technicians the end 
point in this method is more confusing and it is only after many determina- 
tions that they are able to check their results. This, however, is not an 
argument against the method and we have employed it with satisfactory 
results. 

In Figs. 1 and 2 are incorporated the results obtained in 100 representa- 
tive determinations earried out in parallel by the method described herein 
and by that described by Whitehorn. The values obtained by the Whitehorn 
method are given in Fig. 1 and the deviations from these values, as obtained 
by our method, are given in Fig. 2. The values cheek closely and in all in- 
stances agree within 17 mg. of sodium chloride for each 100 ¢.c. of blood 
plasma. Fifty-nine per cent of the determinations checked exactly, 11 per 
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Fig. 1.—Distribution of plasma chloride values in 100 cases by the Whitehorn method. 


Fig. 2.—Distribution of the difference value between the proposed method and that 


of Whitehorn in the 100 cases of Fig. 1. 
cent gave values up to 17 mg. per cent lower, and 18 per cent of the series 
gave values up to 17 mg. per cent higher than that obtained by the Whitehorn 
method: this means that the titrations by the two methods have all agreed 
within + 0.1 e.e. 

SUMMARY AND CONCLUSION 


Our results have convinced us that it is unnecessary to remove by filtration 
either the plasma protein precipitate or the silver chloride precipitate in order 
to secure highly accurate results by the Volhard titration method as applied 
to oxalated blood plasma. The red ferrie thiocyanate is readily distinguished 
in the presence of the lemon yellow iron oxalate, as well as in the presence 
of the protein and silver chloride precipitates. No adsorption of sodium 
choride on these precipitates which interfered with the recovery of sodium 
chloride in blood plasma, was experienced. The red iron thiocyanate color 
is transient for reasons discussed in previous papers on this subject, but we 
believe that with the employment of the first trace of excess thiocyanate 
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throughout the solution a correct and reproducible end point is obtained. 
This method does not necessitate accurate dilutions, filtrations, or the pipet- 
ting of an aliquot portion. The only steps which necessitate quantitative 
technic are the pipetting of the sample, the addition of a definite quantity 
of silver nitrate, and a quantitative back titration with a standard solution 
of potassium thiocyanate. Accurate estimation of blood plasma chlorides 
may be made on 1 ¢.c. of oxalated blood plasma directly by the Volhard 


titration without the removal of plasma proteins or precipitated silver chloride. 
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SOME USEFUL MODIFICATIONS OF THE HALDANE 
GAS-ANALYSIS APPARATUS*® ¢ 


By VINcENT pu VicNreaup, B.S., M.S., Rociuester, New York 


OR some work which was being planned in this laboratory, a gas analyzing 
machine of greater accuracy than the ordinary Haldane apparatus was 
desired. Carpenter” has designed a burette of 40 ¢.c. capacity of sufficient 
aceuracy, but the use of his machine is confined to the analysis of air con- 
taining less than 1.7 per cent carbon dioxide. For the purpose in hand it 
was necessary to design one that could be used for the determination of 


respired air and was applicable to the Tissot method of determining metab- 


olism where the percentages of carbon dioxide are usually above 1.7 per 
cent. Since for accuracy the readings must be in eapillaries, the length of 
the burette becomes an important consideration if a large capacity is desired. 

A burette was required which could be used for the analysis of air con- 
taining carbon dioxide in percentages up to 0.4 per cent and from 2.1 to 5.0 
per cent. In order to allow for such carbon dioxide percentages and to keep 
the length of the burette within reasonable limits, 2 bulbs were blown on the 
burette besides the usual bulb for holding the nitrogen residual. These bulbs 
were placed in such positions that one provided for the major portion of the 
change in volume due to the absorption of oxygen, as in the Carpenter modi- 

*From the Department of Vital Economics, University of Rochester. 
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fication, and the other took care of a large part of the change in volume due 
to absorption of earbon dioxide. The latter was so placed that it would lie 
between the range of most carbon dioxide percentages in outside or room 


air and the range of most percentages in expired air. 


Following Carpenter’s suggestion, the divisions of the burette are marked 
in percentages of 40 ¢.e. rather than in actual cubie centimeters. Thus the 
total capacity of the burette from C (Fig. 1) to the lowest graduation is 
40.08 ¢e.c., and this lowest graduation is marked 100.20. The size of the eapillary 
was so chosen that 1 em. in length has approximately a capacity of 0.04 c.c. 
representing about 0.1 per cent of the total volume. This distance being divided 


by ten graduations giving divisions differing by 0.01 per cent, 1 mm. apart, 
0.001 per cent can easily be estimated. 

The capillary, ab, allows for the reading of the original volume of gas and 
for the determination of small percentages of carbon dioxide. For convenience 
graduations above 100.0 per cent can be inscribed, and the range of the low 
earbon dioxide percentages can be inereased considerably. The present 
burette is calibrated to 100.2 per cent allowing for the analysis of earbon 
dioxide up to 0.4 per cent. 

The eapillary, be, is graduated from 2.3 to 5.0 per cent, and in this eapil- 
lary is measured the volume of oxygen and nitrogen after the absorption of 
the earbon dioxide. If low carbon dioxide content is expected, one ean start 
with an original volume close to 99.8 per cent, and samples containing as low 
as 2.1 per cent carbon dioxide can be analyzed. 

The bulb, c, allows for the absorption of oxygen, and thus the reading of 
the residual nitrogen falls in capillary, cd. The range of this capillary depends 
on two factors, the respiratory quotient and the carbon dioxide content of the 
gas. If the R.Q. is unity, the percentage of the nitrogen of the expired air 
will be equal to that of the inspired air. If the latter is outdoor air this per- 
centage of course will be 79.03 per cent. As the R.Q. grows smaller than 1, 
the percentage of nitrogen in the expired air will grow larger. On the other 
hand, as the R.Q. becomes greater than 1, the percentage of nitrogen will be- 
come less than the nitrogen percentage of outdoor air. For a given carbon 
dioxide content the highest R.Q. expected will therefore determine the lowest 
graduation to which the capillary must extend, while the lowest R.Q. expected 
will determine the upper limit. 

As the percentage of carbon dioxide increases, the difference between the 
percentage of nitrogen in the expired air and that of the outdoor air increases. 
For a given range in the change of the R.Q., the maximum carbon dioxide 
percentage expected will therefore determine the upper and lower limits which 
this capillary must have. 

The following equations have been developed for the purpose of ealeulat- 
ing the maximum and minimum percentages to which the capillary must be 
graduated for a given range of R.Q. and for a given maximum of carbon 


dioxide content. 
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Fig. 1—Diagram of the modified Haldane gas-analysis apparatus. 
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C’v’ - CV 
—OV¥ -~ OF 
C is the per cent CO, in inspired air. 
O is the per cent O, in inspired air, where 
N is the per cent N, in inspired air. 
V is the volume of inspired air. 
C’ is the per cent CO, in expired air. 
O’ is the per cent O, in expired air. 
N’ is the per cent N, in expired air. 
V’ is the volume of expired air. 


R. Q. ~and V=w v’ 


N’ 
By substituting ~ V’ for V, we get 


C’N CN’ 
* Om ~ ON * 
but O 100 — C N, and O' — 100 
therefore 


R. Q. 


CN N’C 
100 N’ - N’C - N’N 100 N 
By rearranging, 
N (C’ + 100 R.Q. — C’R.Q.) 
100 R.Q. — C.R.Q. + €. 
For outdoor air N = 79.03 
c= 04 
O = 20.93 
Substituting these values in equation 4, we have 
79.03 (C’ + 100 R.Q. — €.R.Q.) 
100 R.Q. — .04 R.Q. + .04 
0.79062 (C’ + 100 R.Q. — C’R.Q. 
R.Q. + 0.0004 
For the present burette C’ — 5 per cent, and the desired R.Q. range is from 0.67 to 
Substituting these values in equation No. 6 we would get, 
when R.Q. = 1.4, N’: 77.91, 
and when R.Q. = 0.67, N’ = 80.96. 


R. Q. = 


N’ = 


N’ 


6. or N’ 


For this burette therefore the capillary, cd, must be graduated between 
77.91 and 80.96. With the bore selected it would have a length of about 30 em. 
From the above equations the maximum and minimum nitrogen percentages 
can easily be calculated for the design of a burette that will be applicable over 
the range one wishes. Within a certain length of burette as a limit, a greater 
earbon dioxide capacity can be allowed for if the variation in R.Q. is within 
narrower limits. In the present burette, if we had allowed for a variation of 
only 0.7 to 1.0, the length of this eapillary (cd) could have been shortened 
eleven centimeters. 

With a length of 30 em. for ed, 21 em. for be, and 3.5 em. for ab, and 
allowing 15.5 em. for bulb A plus the stem to the stopcock C, 5 em. for bulb ¢, 
and 2 em. for bulb d, the length of the burette from stopeock C to the 100.20 
per cent graduation is 77 em. As shown in Fig. 1, the burette was placed on 
the table so that the burette passes through the table and is connected to 
the mereury leveling bulb by means of rubber tubing below the table. When 
the burette is made, a one-way stopcock is fused to the end, e, for use in 
calibration and is removed when the latter is completed. The compensatiny 
tube, B, is made similar in form to the measuring burette and of approximately 
the same volume. 
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For convenience and accuracy of setting the levels f, f, the A/H reservoir, 
D is raised and lowered by means of a rack and pinion as shown in Fig. 1. The 
rack 1 is fastened to the two carriages 7, 7, which slide along the two brass 


rods, h, h. 
The oxygen absorber is of the Krogh® type as used by Carpenter. Bulbs 


I and K are used for the purpose of creating a water seal to protect the pyro- 
gallol from contact with the outside air. The peteocks, m and n, are used in 


filling and emptying the pyrosystem as explained by Carpenter. 
The burettes are immersed in a water-bath, P, which is stirred by a slow 
stream of bubbles from the inlet tube, O, by means of suction applied at N 


from a water pump. 


4 























Fig. 2.—The mercury trap. 


The stopcock, M, connecting the compensating tube, B, with the outside 
air is of the type recommended by Carpenter. 

hk, and 8S are holders for the gas sampling bulb, Q. The leveling bulb is 
suspended from a hook behind the stand when not in use. 

The leveling bulb, 7, is raised and lowered by means of a cord and weight 
over a pulley. The pulley, U, is under the tension of a spring, s, to keep it 
from slipping. The weight, W, counterbalances to a great extent the weight 
of T. For aid in setting the levels the micro-adjustment, V, is used. The 
bar, X, upon which the pulley, U, is fastened, is swung up and down about 
the fulerum, t, by means of the thumb screw, w, acting on the projection, y. 





180 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


The fineness of the adjustment depends on the thread of the screw, w, the dis- 
tance from U to ¢, and the distance from ¢ to y. With the distances, as shown 
in Fig. 1, a screw with sixteen or more threads to the inch is suitable. 

A very annoying occurrence in gas analysis is the fouling of the mercury 
by the rubber tubing and the consequent contamination of the burette. To 
obviate this, some means must be used to prevent the mercury that comes 
in contact with the rubber tubing from entering the burette. For this pur- 
pose the apparatus shown in Fig. 2 was designed and has worked excellently. 
The apparatus is mounted on a suitable stand. The bulb, d, is filled with 
mercury to the level, f, and a temporary peteock at h is closed. Water is then 
drawn into c through e by means of a leveling bulb connected at b containing 
mereury. By opening the peteock at h, and with proper manipulation of the 
leveling bulb and the stopcock, e, all air is forced from the apparatus. The 
tubing connecting the leveling bulb to b should be the same tubing that will 
be used to connect the reservoir, 7, (Fig. 1) with d (Fig. 2). After the ap- 
paratus in Fig. 2 is filled and connected to the burette .1 in Fig. 1, the end of 
the tubing is passed up through the table and connected to 7. It is best to 
bind stopeock e with tape to prevent the possibility of the stopcock from work- 
ing loose. If the end, e, of the burette, A, in Fig. 1, and the end of the glass 
tubing, A, of the apparatus in Fig. 2 are made to fit snugly, very little mercury 
will come in contact with the rubber tubing. The bulbs, d, and ¢ (Fig. 2), 
should each have a capacity greater than that of the burette. For use with 
the burette described here a capacity of 75 ¢.c. is ample. 

The author wishes to express his gratitude to Raymond Maas, depart- 
mental technician, for his kind assistance. 
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NOTES ON CONSTITUTIONAL REACTIONS IN HAY FEVER THERAPY* 


By Harry 8. Bernton, M.D., Wasuineton, D. C. 


HE preventive treatment of hay fever by desensitization with appropriate 

pollen extracts is at present enjoying a well-deserved popularity. Despite 
certain limitations, this therapeutic procedure has a firm scientific basis. It 
is, therefore, natural that the profession at large turns readily and hopefully 
to the use of pollen extracts. . 

The schedule of the course of treatments with gradually increasing dosage 
first attracts attention. The administration of a large terminal dose is wel- 
comed as the goal of achievement. Not enough emphasis, however, has been 
placed on the possibility of constitutional reactions resulting from the injec- 
tion of pollen toxin to which the patient has been found sensitive. Consti- 
tutional reactions are distressing and every effort needs to be exerted to min- 
imize their occurrence. The physical discomfort of preventive treatments 
should not be permitted to suggest the discomfort of the disease itself. 

There are two principal causes of constitutional reactions. The first and 
most common cause is an overdose of pollen extract. Individual sensitiveness 
shows a great variation. Every hay fever subject is a law unto himself. 
Only the subeutaneous injection of pollen extract furnishes the necessary in- 
formation. It does not follow that the patient who exhibits marked cutane- 
ous sensitiveness to pollen possesses a similar high degree of sensitiveness to 
small doses of pollen extract when administered subcutaneously, and vice 
versa. A local reaction with induration extending from four to five inches 
around the site of injection serves as a warning. Under such circumstances, 
it is advisable to repeat the dose until the tissues become less sensitive. I 
have had a few patients in whom the initial dose of five pollen units had to be 
repeated five times before any increase in dosage could be safely administered. 

The second cause of constitutional reactions, though less common but of 
a more severe type than the first, is the accidental intravenous injection of 
pollen extract. Some authors advise that before the injection is made the 
piston of the syringe be withdrawn to determine whether or not a_ blood 
vessel has been entered. This procedure is not practical. Even though the 
withdrawal of the piston reveals the absence of blood, there is no assurance 
that in the subsequent manipulation, the needle point may not enter an 
adjaeent capillary. The technic is entirely different in intravenous therapy. 
In the latter, the attempt is made to enter the lumen of a visible or palpable 
vein. In subeutaneous injection, the danger is always present of entering a 
capillary which is neither visible nor palpable. 

The technie which I follow is to hold the skin of the upper arm tense 
with my left hand and make a sharp plunge with the needle of the syringe, 


: _*Read at the Fifth Annual Meeting of the American Association for the Study of Allergy, 
Washington, D. C., May 16, 1927. 
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which is held in my right hand, for a distance of half an inch. The needle 
is then slowly withdrawn for a fraction of an inch. The object of this 
maneuver is to withdraw the needle point from the lumen of a vessel if by 
any chance one has been entered. Criticism may be made that on first 
plunging the needle point into the subcutaneous tissue a small vein or capil- 
lary may be transfixed. In that event, the withdrawal of the needle point 
may lodge the eve of the needle in the lumen itself. To eliminate this possi- 
bility a change in axis may be effected by a slight sideward motion of the 
needle. I am of the opinion that this procedure will appreciably minimize 
the hazard of accidental intravenous injection. It is also advisable to apply 
slight pressure after the needle has been withdrawn to observe whether any 
blood issues from the punctured wound. Constitutional reactions which fol- 
low intravenous injections are almost immediate in their effect and demand 
rigorous treatment with adrenalin. 

In the treatment of hay fever subjects with pollen extract, two preecau- 
tions must be observed: first to have on hand a solution of adrenalin, and 
secondly, to have the patient wait from fifteen to twenty minutes after the 


injection before dismissal. 


A MODIFICATION OF THE BROWN APPARATUS FOR THE 
COLORIMETRIC DETERMINATION OF P,,*f 


By WituraAm H. Wrieiut, Pu.D., ano H. G. HaArping, M.S., MaAptisox, Wis. 


OR the colorimetric determination of the hydrogen-ion concentration, the 
drop method of Haas' and Felton,? improved by Brown,’ has come into 
general use. The accuracy of the method and its advantages for use with 
small amounts of well-buffered and often turbid solutions are well known. 
It is important for laboratory workers and especially for beginning 
students to visualize the Py ranges of the indicators in common use. The 
arrangement of the indicators along a straight line scale does not show 
their ranges in relation to each other or permit a convenient arrangement 


of the glass cells for checking purposes. Where the indicator ranges overlap, 
the relations are shown much better if the scales are arranged parallel ac- 


cording to the working ranges of the indicators. 

With such an idea in mind a set, which has proved very satisfactory, has 
been constructed. This apparatus is designed for routine laboratory use and 
is just as convenient as the more compact sets so generally used. 

The appearance of the set without the reagents is shown in Fig. 1. The 
set, complete with reagents and having the buffer solutions set up for the 
ranges of brom eresol purple and methyl red, is shown in Fig. 2. 


jacteriology, University of Wisconsin. 
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Appearance of the set without reagents, showing the indicator ranges as they overlap 
on the Pu seale, 


Fig. 2.—The complete set, showing reagents in place. The overlapping arrangement of the 
indicator scales is shown in the two rows of cups. 
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The stained and varnished wooden base of the set is easily made in any 
carpenter shop. The drawer is convenient for storing the extra pipettes, the 
dilution loop, and a Petri dish containing the glass cups. 

The indicator scales are ruled with India ink on a piece of white Bristol 
board which is mounted between two pieces of glass, the upper one being 
thin clear plate glass. The glass may be easily set in ‘‘Plasticene.’’ Such an 
arrangement thoroughly protects the ruled scales and permits the wiping off 
of spilled solutions and the disinfection of the exposed surface. 

A large number of tubes for the standard buffer solutions, etched at the 
top for marking, are plugged with cotton and sterilized. Clark and Lubs 
buffer solutions* are prepared and after checking with the potentiometer, are 
placed in the sterile tubes. These are then heated once at 100° C. for thirty 
minutes, sealed with paraffined sterile cork stoppers to prevent evaporation, 
and stored until needed. Rechecks with the potentiometer have shown a 
slight change in the Py value of a buffer solution, due to heating, which 
does not make a noticeable difference colorimetrically when the solutions are 
compared before and after heating. 

Distribution of the stock buffer solutions among many tubes and sub- 
sequent heating serves to protect them against mold growth. Such solu- 
tions may readily replace the ones in the set as they are used up or become 
inaccurate due to contamination or other cause. 

The alcoholic indicators as prepared by Brown* and modified by Taylor 
are used. 

SUMMARY 


An inexpensive apparatus, with an improved indicator seale, is described 


for the determination colorimetrically of Py by the drop method. For labo- 
ratory and classroom work the apparatus is very satisfactory. The scale ar- 
rangement is very useful when checking determinations and visualizing the 
Py range of indicators. 
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CLINICAL AND EXPERIMENTAL 


CARCINOMA: Contribution to the Problem of the Connection Between Blood Picture 
and Prognosis in X-ray Uterine Cancer, Hall, E. Arch. f. Gyniik., Feb. 3, 1926, 
exxvii, 708. 

The problem as to whether or not conclusions concerning the prognosis, in uterine 
carcinoma and in carcinoma in general, may be drawn from changes in the blood picture 
significance since we began 


at the beginning of an x-ray treatment has gained greatly in 
to regard the action of x-rays in carcinoma as conditioned by 
tone of the organism, rather than as a purely local action of cell destruction, 

Forty-three cases of cervical carcinoma, six of corpus carcinoma, and two of vulvar 


a general alteration in the 


carcinomas, were studied two to five weeks after raying. 

A favorable clinieal course is evidenced at the beginning of an x-ray treatment by 
a relative, and a smaller, absolute increase among the lymphocytes; or else by an initial 
relative increase in the lymphocyte value which shows a brief decrease at the start of the 
x-ray treatment, and then quickly rises again past the normal value, 

An initial low lymphocyte value, and a further decrease or a small and slow increase 
at the start of x-ray treatment, is almost always indicative of a stagnation in the reparatory 
processes, and hence must be regarded as unfavorable for the prognosis. 

The author does not believe that any especially definitive conclusions can be drawn 
from the behaviour of the eosinophile leucocytes, as he has seen in many primarily unfay- 
orable cases, even when there was no helminthiasis or bronchial asthma present, high 


eosinophile values contrasted with lower values in markedly favorable cases. 


BLOOD SEDIMENTATION: The Diagnostic and Prognostic Significance of the Rate 
of Blood Sedimentation in Carcinoma, Guthmann, H., and Schneider, G. H. Arch. 

f. Gynik., Feb. 3, 1926, exxvii, 514. 

From a study of 300 cases of uterine carcinoma the authors conclude: 

1. As an early diagnostic medium the blood sedimentation is of more value here 
than in pregnancy. 

2. From the values of the blood sedimentation after two hours it is evident that an 
increase in the value is characteristic of a further extension of the carcinomatous process. 

3. The matesial does not enable us to determine the degree to which a precancerous 
stage, in the sense of slight increase, may be made known. 

Raying did not produce any characteristic changes in the sedimentation rate, the values 
showing a tendency to increase and later changing in correlation with the influence of the 
lisease process, 

Their general conclusions are: 

Repeated and continued observation has shown that the blood sedimentation value 
parallels the clinical condition. 

Improvement in the disease condition is accompanied by an approximation to, and de- 
‘erioration by divergence from, the normal blood sedimentation value. 

The first value, observed before the treatment, is not of itself of any prognostic value. 

The intermediate values, observed during the use of the x-ray therapy, can provide an 
indication regarding the further course of the disease process. 

Only values determined in a homogeneous blood status can be compared. 
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INTESTINAL INTOXICATION: Plasma Chiorides in Acute Intestinal Intoxication of 
Children, Boyd, G. L. Am. Jour. Dis. of Child., April, 1926, xxxi, 514. 


The plasma chlorides were studied in sixty-six cases of acute intestinal intoxication 


in infants. 
similar nature, was found in less than one-half of the cases studied. 

No definite relationship between the chloride concentration and the toxemia present can 
Extremely low chlorides were found only in severely toxie subjects, but 


Hypochloremia, anticipated because of its association with other toxemias of 


be demonstrated. 
not all those severely toxie had low chlorides, and even in fatal cases normal or high chlorides 
It is quite obvious that the blood chlorides are of no prognostie importance. 


were found. 
and any other symptoms 


No correlation was observed between the plasma chlorides 
or signs of the disease. Fever had no effect whatever. Severe diarrhea was present in 84 
per cent of those having low chlorides, but all severe diarrheas were not accompanied by 
hypochloremia. Aecurate estimations of the amount of vomitus were not made, but in no 
subject with low chlorides did the vomiting appear sufficiently severe clinically to have been 
the cause of their reduction. 

An interesting reciprocal relationship was noted between chlorides and proteins, and 
chlorides and sugar. Theories to account for these phenomena are purely speculative with 
The chloride protein relationship would appear to be an expression of the 


out further work. 
It would seem as likely 


disturbed acid base equilibrium which is present in this disease. 
that the reciprocal relationship shown between chlorides and sugars would be due to the 
disturbed acid base relationship present. The coincident determination of the hydrogen-ion 
concentration, plasma bicarbonate, proteins, sugars and chlorides will be necessary to clear 


up this problem. 


BLOOD GROUPING: The Inheritance and the Medicolegal Application of the Blood 
Group Buchanan, J. A. Med. Jour. and Ree., Mar., 17, 1926, exxiii, 354. 
Buchanan has always disagreed with the views of Ottenberg as to the possibility of 
determining paternity by blood grouping studies and the present paper is a review and 
summary of his position and the reasons for his contention that the blood group is prae 


tically valueless for determining parentage in a legal dispute. 


HYPERGLYCEMIA: Hyperglycemia Without Glycosuria in One Thousand Diabetic Pa- 


tients, Stone, C. T. Jour. Am. Med. Assn., August 7, 1926, Ixxxvii, 388. 

It appears justifiable from the material at hand to associate elevation of the renal 
threshold for glucose with hyalinization in Langerhans’ islands in uncomplicated diabetes. 
When we have such a conception of the underlying cause of hyperglycemia without glyco 
suria, and regard hyaline changes as a late event in the course of the disease, such clinica! 
findings sustained over a long period of time would appear to have a definitely unfavorable 
prognostic importance. This is in addition, of course, to the constantly increased likelihood 
of infections in those with hyperglycemia with or without glycosuria. 


ACHYLIA GASTRICA: The Etiology and Pathogenesis of Achylia Gastrica, Faber, K. 
Am. Jour. Med. Se., July, 1926, clxxii, No. 1, p. 1. 


In this paper, illustrated with seventeen microphotographs, Faber reviews in detail 
the present knowledge of achylia gastrica and concludes that from the evidence at hand 
the condition has nothing particularly remarkable in its etiology and pathogenesis which 
marks it out from the diseases of other organs. It is due to disease of the gastric 
mucous membrane with its extensive glandular apparatus. When it is excited throug! 
nervous channels, it can only persist for a short time but apart from this it is due t 
the same causes which we know produce disease in other organs—direct irritation 01 
hematogenous intoxication by bacterial toxins or autotoxins. With the exception, per 
haps, of the initial stage of intoxication, the natural term for the disease is gastritis. 
by which is to be understood, not the old conception gastric catarrh, but a disease of 


the glandular parenchyma of an inflammatory nature. 
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The reason that the anatomie side of the question has come under consideration 
| 






much later in this case than in that of other glandular organs like the kidneys and 
liver, is because postmortem changes take place so rapidly. As soon as one has learned 


how to avoid these, the analogy is obvious and gastritis takes its natural place by the 






side of nephritis and hepatitis. 







RENAL FUNCTION: The Unitary Nature of Impairment of Renal Function, Fishberg, 
A. M. Arch. Int. Med., August, 1926, xxxviii, 259. 






The various forms of Bright’s disease are usually divided, on a functional basis, 





into two great groups: (1) In which sodium chloride is retained and clinically charac- 


terized by edema; and (2) in which nitrogenous bodies are retained and showing a 






tendency to uremia. 
In this paper Fishberg presents evidence in support of the conception that no 






matter what its anatomic substratum, impairment of renal function is manifested by 
injury to all the excretory functions of the kidney and that when selective retention 
occurs in Bright’s disease it is not due to inability of the kidney to excrete the re- 










tained substanee, but to intervention of an extrarenal factor. 











He thus tabulates the blood chemistry findings in uremia: 













Tnere OS¢ d Not Tiere aS¢ d 
urea phosphate chloride ealcium 
urie acid sulphate sodium water 
creatinine urochromogen magnesium ammonium 
indican potassium (slightly) 





that: 


Impairment of renal function involves all the excretory functions of the kidney. 


concludes 





Fishberg 






No matter what the anatomic substratum—arteriosclerotie or inflammatory change, 





polyeystie transformation or prostatic obstruction—impairment of renal function is al- 






ways manifested in the same way, namely, by a lowering of the maximum concentration 






in which each of the individual urinary constituents can be excreted. 
As impairment of renal function progresses, the maximum specific gravity attain- 






able falls correspondingly. But no matter how severe the injury to renal function, the 







maximum specific gravity attainable does not fall below 1.010. 
When selective retention oceurs in Bright’s disease, it is not due to inability of 
to exerete the retained substance but to the intervention of an extrarenal 





the kidney 


. 






factor. 
The primary criterion as to whether or not a substance rises in concentration 
in the blood as a result of renal insufficiency is the normal value of the ratio 







average econeentration in urine 





for that substance. If this ratio is high (e.g., urea) 








concentration in blood 
the substance will accumulate in the blood in renal insufficiency, while if the ratio is 





w (e.g., chloride) it will not. 
Fully compensated renal hypofunction is revealed only by a lowered maximum 
coneentration of the urine, for the detection of whieh a modification of Volhard’s 







specific gravity test is used. 

He performs the concentration test in the following manner: 

The patient has his customary supper and then takes no fluids till four hours 
after waking the next morning. On waking, he empties his bladder; this urine is dis- 
carded. He voids hourly for three hours and the specific gravity and volume of each 
specimen is recorded. Should he be unable to pass urine each hour, one is omitted, 
so that there are only two specimens. It is best that the patient remain in_ bed 
during these hours. The highest specific gravity of the three specimens is considered 
as representing his maximum concentrating capacity. In health the specifie gravity 
reaches from 1.026 to 1.034, usually about 1.030. We have not seen true uremia in 
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any case in which the maximum specific gravity reached 1.020 or over. A maximum 


specific gravity under 0.020 indicates impaired renal function. In the severest cases 
the patient is unable to concentrate above 1.010. Small amounts of albumin do not 
notably affect the result. In evaluating the results one must always be sure that edema 
or a serous effusion is not being evacuated, for this may simulate inability to concen 


trate. 
The accompanying tables are given: 


CONCENTRATION OF SUBSTANCES BY KIDNEY 
CONCENTRATION CONCENTRATION NUMBER OF CONCENTRATION IN 
SUBSTANCE IN URINE IN BLOOD, TIMES BLOOD OF RENAL 
MG. PER CENT MG. PER CENT CONCENTRATED INSUFFICIENCY 
Urie acid 60 2 30 Increased 
Urea 2,000 30 65 Increased 
Creatinine 75 2 35 Increased 
Indican 1 0.05 20 Increased 
Phosphate 150 3 50 Increased 
Sulphate 150 4 40 Inereased 
Potassium 150 20 7 Slightly increased 
Chloride 500 350 ; Not increased 
Sodium 350 300 Not inereased 
Caleium 15 10 f Not increased 
Magnesium 6 3 Not increased 
Water 1 Not increased 


RELATION OF COMPENSATED AND DECOMPENSATED RENAL HyPOFUNCTION AND PRERENAL 
DEVIATION 

CONCENTRATING DILUTING BLOOD 

POWER POWER UREA 


Compensated renal hypofunction Impaired Normal Normal 

Decompensated renal hypofunction Impaired Normal or Elevated 

(renal insufficiency) impaired 

FORD GE cemedncsnenesdcanenese Normal Impaired Normal or 
elevated 





LABORATORY TECHNIC 


ACETONURIA: Concerning the Occurrence and Course of Acetonuria During Pregnancy, 

Kleesattel, H. Arch. f. Gynik. Feb. 3, 1926, exxvii, 717. 

A study of 2,000 pregnancies. Under normal conditions spontaneous acetonuria is 
very uncommon. 

Acetonuria occurs regularly during labor, due especially to restricted nutrition. Regu 
lated diet demonstrates a connection between nutrition intake and acetone output. 

The etiology of acetonuria in pregnancy is formulated by the author as follows: Its 
basis is a carbohydrate deficiency in the nutrition, and its cause a functional change in the 
liver cells upon which rests the interaction of the carbohydrate and fat in the intermediary 
metabolism. It is easy to conceive of the inner secretory processes as playing a part i! 
this functional change. This is indicated by the course of events in the praemenstruum, 
which in many respects resembles a pregnancy, in the frequent suppression of an acetonuria 
here by the use of insulin. The assumption is further supported by cases of patholog' 


pregnancy in which renal injuries are present, where the absence of acetonuria seems to b: 
explained chiefly by the disturbance in the renal elimination. 

The author’s conclusions follow: 

1. In pregnancy the fat oxidation requires larger quantities of carbohydrate than i' 
nonpregnancy. 
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2. This change in metabolism corresponds to a change in the function of the liver 


cells, and apparently originates through the inner secretory actions of the placenta and the 


corpus luteum. It cannot be applied to the diagnosis of pregnancy. 

3. If the diet is unsuitable the functional change may cause injury to the pregnant 
patient. An abundant carbohydrate addition is necessary in pregnancy, and the appear- 
ance of acetone in the urine is an indication of this necessity. Pregnancy toxicoses show 
only acetonurias. 

4. A relatively insufficient carbohydrate addition causes distinct deterioration in preg- 
nant subjects. During pregnancy it is well, and during labor it is necessary to restrict 
the fat and albumin addition. 


BLOOD PLATELETS: Blood Platelet Counts in Infants and Young Children, McLean, 
S., and Caffey, J. P. Am. Jour. Dis. Child, December, 1925, xxx, 810. 


A careful and extensive study in which after a preliminary trial of four methods, 
that described by Wood, Vogel and Famulener, (Lab. Technic, New York. J. T. Dougherty, 
1922) was chosen because of its simplicity. 

Four hundred platelet counts were made in 352 different infants and young children. 
Platelet counts in the newborn, in infancy and early childhood in forty-one showed a wide 
variation, fluctuating normally between approximate limits of 216,000 and 568,000. 

The average count in fifteen newborn infants was 278,000; in seventeen normal infants 
was 359,060, and in nine normal young children was 541,000. 

Platelet counts in ten premature infants showed an average of 246,000. 

In fourteen cases of severe anemia in children less than twenty-two months of age, 
the average platelet count was 266,000. In these cases, a severe anemia was not accompanied 
by an abnormal platelet count except in three instances when it was definitely diminished. 

In four cases of splenectomy, there w2s a slight increase in the number of platelets 
during a long period of observation following the operation. 

In three cases of acute lymphatic leucemia, there was a marked reduction in the num- 
ber of platelets. 

Diseases of the Respiratory System.—In ten cases of acute bronchitis, the platelet 
counts were normal with an average of 352,000. 

In sixty-nine cases of pneumonia, the average platelet count was 328,000. Three pa- 
tients showed counts of less than 200,000 and four had counts of more than 600,000. In 
sixteen cases of acute suppurative pleurisy, the average platelet count was 334,000. 

In four patients with pneumothorax, three of whom had suppurative pleurisy, the aver- 
age platelet count was 338,000. In six cases of tuberculosis, the average platelet count was 
316,000. Two patients with whooping cough had normal platelet counts. 

In five cases of active infantile seurvy, the platelet count varied between normal limits 

f 216,000 and 440,000. 

In fifteen cases of meningitis the platelet counts were normal. In eight cases of other 
inflammatory diseases of the central nervous system, the platelet counts were normal. 

In forty-four cases with various types of acute infection, the platelet count was normal, 
excepting one count of 120,000 in a patient with septicemia. 

In five of seven cases of congenital syphilis the platelet counts were normal. The 
platelet count in seven children following tonsillectomy was not significantly altered. 

In twenty-four cases of acute intestinal indigestion, acute intestinal intoxication and 
acute eatarrhal colitis, the platelet counts were normal. 

Yonclusions : 

1. The platelet counts in normal infants and children fluctuate between approximate 
mits of 200,000 to 550,000, with a general average of 349,000. The number of platelets 
the newborn and in premature infants is fixed within narrower limits and has lower aver- 
es, 278,000 and 246,000 respectively. The platelet count in early life approximates the 
normal count in adults. 

2. A reduction in the number of platelets occurred in only three of fourteen patients 
With severe anemia. 


) 
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Removal of the spleen caused a slight increase in the platelet count. 
The platelet count was definitely reduced in three cases of lymphatie leucemia. 
5. In 173 eases of acute infection in infaney and early childhood, there was no sig 


nificant alteration in the number of platelets. 
6. In the pathologie conditions studied in this group of cases, estimation of the blood 


platelet was of no valuable diagnostic aid except in cases of acute lymphatic leucemia. 


VAGINAL FLORA: A Study of Déderlein’s Vaginal Bacillus, Lash, A. F., and Kaplan, 


99° 
ee? 


B. Jour. Infee. Dis., April, 1926, xxxviii, ; 


A cultural study of the vaginal secretions of ninety-eight pregnant women. 


Results of Vaginal Cultures in Ninety-eight Pregnant Women 


Déderlein’s bacillus 3 (in smears—41) 
Staphylococcus albus ] 
37 


Staphylococcus aureus 
Diphtheroids 

Yeasts (oidium) 
Streptococeus viridans 
Bacillus coli 
Micrococcus tetragenus 
Pneumococeus 


The term Déderlein’s vaginal bacillus includes a large group of organisms which, 
though related, have some differentiating characteristics. This fact makes it difficult to 
classify them. 

Among the mediums used the most favorable for cultivating these organisms was found 
to be 1 per cent lactose in neutral broth. 

Lactobacillus vaginae, a provisional name for the Déderlein strain B studied has never 
been previously described. 

The exacting cultural requirements and the incidence of the organisms in the norma! 
vaginas of newborns and adults are facts upon which the hypothesis is based that the Déder 
lein’s vaginal bacillus has a function in inhibiting the growth of pathogenie organisms by 
direet action or by maintaining certain conditions in the vagina by its action on the vagina! 
mucous membrane. 

The associated organisms are not so virulent as when they oceur in the pharynx. 


STREPTOCOCCUS INFECTIONS: The Bactericidal Action of Pleural Exudates. VII. 
Studies in Streptococcus Infection and Immunity, Gay, F. P., and Clark, A. R. 
Arch. Path. and Lab. Med., June, 1926, i, No. 6, p. 847. 


This article describes first the histologic changes that take place in the pleura of ral 
bits as the result of the injection of sterile aleuronat or gum arabic broth mixtures. These 
changes are earlier and more marked in the parietal pleura and diaphragm, through whic! 
drainage of the pleural cavity takes place, than in the visceral (lung) covering. The changes 
are similar with the two substances employed and, owing to the delicacy of the tissue in 
volved, show remarkable differences from normal as an acute inflammation followed by a 
more chronic condition in the nature of granulation tissue. Infiltration with polymorpho 
nuclear cells on the first day is replaced by an intensified thickening due to mononuclear 
eells by the third day. By vital staining with trypan blue a preponderating number of these 
mononuclear cells are shown to be true clasmatocytes or tissue macrophages. 

The authors .have previously discussed the cytology of the pleural exudate which we 
now find to be a reflection of the tissue changes here emphasized. They had shown that 
there is a definite relation between the cell picture, and presence or absence of an increased 
resistance to infection with a stain of Streptococcus pyogenes that produces in minute doses 
a fatal pleurisy. The correlation indicated that the clasmatocytes are responsible for prot: 
tion. This correlation is further emphasized by the tissue changes we have now described. 
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An acute inflammatory pleura is invaded and destroyed by virulent streptococci injected into 
the pleural cavity, whereas the same organisms disappear rapidly from the pleural cavity of 
animals with granulating and thickened pleural walls and are found enveloped within clasma- 
tocytes in a relatively undisturbed tissue. Phagocytosis of streptocoeci both in the exudate 
and tissues is almost exclusively by mononuclear cells. 

The pleural wall may be thickened still further by repeating the injection of the non- 
specific substances or by injecting living streptococci. The degree of protection would seem 
roughly commensurate with the depth of granulation tissue that has been produced. The 
authors are unable as yet to say whether specific immunity produced by the streptococcus 
differs from increased resistance produced by nonspecific and sterile irritating agents in pos- 
sessing some specific factor; in other words, whether all grades of local streptococcus pro- 
tection are dependent simply on the number of clasmatoeytes present. 

Preliminary experiments show that when one pleural cavity is treated sufficiently, the 
other cavity, although showing no histologic change in the pleural wall at the time of infee- 
tion, is nevertheless protected. This protection is accompanied by mobilization of clasmato- 
cytes in the pleural wall in an unusual fashion; there is further indication that the wall of 


the treated cavity is coincidently stripped of its cells. 


LEPROSY: Serologic Analysis of Lepers’ Sera, Schobi, O., and Ramirez, J. Philippine 
Jour. Se., March, 1926, xxix, 305. 


Ninety-two lepers were examined serologically with the view of deciding certain 


doubtful points in the serology of leprosy. The question of complement and natural 


hemolysin content in lepers’ sera toward guinea pig, sheep, goat, and rabbit red eeclls was 
investigated. The content of hemolytic complement and its keeping quality in the lepers’ 
sera were studied, antisheep and antimonkey immune hemolysin having been used in these 
tests. 

Slight individual differences were found to exist in lepers’ sera and in normal human 
sera alike as to content of natural hemolysins and complement, but no distinet quantita- 
tive differences were found between the sera of lepers and those of normal persons. The 
amount of hemolytic complement in the lepers’ sera was found to be the same as that 
in the sera of nonlepers and is subject to individual variations. 

As to the keeping qualities of the natural hemolytic complement, it was found that, 
n proportion to the original titer, the complement decreased practically at the same rate 


in the sera of lepers as it did in the sera of normal individuals. 


BLOOD SERUM IN DISEASE: A Study by Means of Ultrafiltration of the Condition 
of Several Inorganic Constituents of Blood Serum in Disease, Pincus, J. B., Peter- 
son, H. A., and Kramer, B. Jour. Biol. Chem., June, 1926, Ixviii, No. 3, p. 601. 


In tetany, both infantile and experimental, there is a marked decrease in the ‘‘free’’ 
calcium of the serum. 

In chronic nephritis, uncomplicated by uremie convulsions, the free ealcium is nor- 
mal. In one patient with convulsions it was definitely reduced. 

The phosphorus (inorganic) is invariably high in parathyroipriva tetany and in 
severe chronic nephritis with or without uremie convulsions. 

The total protein concentration of the serum in experimental and infantile tetany is 
about normal. 

Ultrafiltration of the serum at a reaction of Py, 4.7 shows that at this reaction the 
caleium is entirely filtrable. 

The failure of the calcium concentration of the serum in tetany parathyroipriva to 
increase after irradiation with the mereury vapor quartz lamp as it does in patients with 
infantile tetany makes it highly probable that infantile tetany is not a form of parathy- 
roid tetany and this assumption is strengthened by the absence of any increase of the 
organic phosphorus of the serum of children with tetany comparable to that found in 
the serum of dogs after parathyroidectomy. 





192 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


The fact that the free calcium of the serum may remain constant in patients with 
chronic nephritis even when the total calcium is definitely reduced, serves to explain why 
such patients do not develop convulsions. 


CARCINOMA: Serodiagnosis of Cancer by the Reactions of Botelho, Lavedan, J. Bull. 
Acad. de Med., Paris, May 25, 1926, xev, 543. 


The author tested the reaction on 273 patients but 73 of these cases were disregarded 
because the diagnosis was doubtful or because of alterations in the reagent which mighlit 
have falsified the results. There remained 200 cases considered. The reaction was positive 
in all patients with cancer, negative in 33 patients with no malignant tumor, negative in 
39 patients with cancer and positive in 17 patients without malignant growths. This gave 
72 per cent of correct results and 28 per cent of false results. 

He concludes that this reaction is not specific for cancer. It is not a reaction due 
to cachexia because it was frequently positive in cases without cachexia. It appeared to 
be frequently negative in advanced cases of cancer. There was no relation between the 
intensity of the reaction and the extent of the tumor. The number of correct reactions 
varied in cancers in different parts of the body. It was uncertain in cancers of the skin 
and mouth but there was a high percentage of correct reactions in deep cancers such as 
those of the uterus, breast and digestive tract and for these cases it may be of real 
diagnostic value. Also there were quite a few positive reactions in patients without cancers. 


CARCINOMA: Reduction Phenomena in the Serodiagnosis of Cancer, Mondain, C., 
Douris, R., and Beck, J. Ain. Inst. Pasteur, Paris, May, 1926, xl, 431. 


The decoloration of the methylene blue in the reaction of Thomas-Binetti is due to 
bacterial action. The necessary bacteria are supplied by the neoplastic extract, which 


immediately after fractional sterilization only contains resistant spores, but these spores 
soon vegetate. 

Contrary to the statements of the authors, the cancer serum does not have the power 
of reducing methylene blue. The rapidity of the decoloration of the methylene blue is 
never proportional to the amount of the cancer serum, but on the contrary depends on the 
amount of the neoplastic extract, in other words, on the number of bacteria. 

The incorrectness of the author’s hypothesis is thus demonstrated. If the authors 
have been able in certain cases to note any differences between normal serums and cance! 
serums, it must be admitted that in these cases the normal serums had a greater apti 
tude to oppose the reduction of the methylene blue by the bacteria. 

Without desiring to judge the value of the reaction, it may be stated that the inter 
pretation given is manifestly erroneous. 





REVIEWS 


Books for Review should be sent to Dr. Warren T. Vaughan, Medical Arts Building, 
Richmond, Va. 


Immunity in Syphilis* 


HE investigations of the last deeade or so, inaugurated by an epoch-making trinity of 
Saas the demonstration of the Spirocheta pallida; the evolution of the eom 

plement-fixation test; and the discovery of arsphenamine and neoursphenamine, have led 
to tremendous advances in the study of syphilis and have greatly augmented the knowledge 
available concerning its manifold aspects. 

In this volume, the twelfth of a series of Medicine Monographs (which are ‘*c¢ompre 
hensive reviews that adequately discuss a disease, certain aspects of a disease, or subjects 
that allow a better comprehension of disease processes’’), Chesney collects, reviews, and 
summarizes the present status of the knowledge of immunity in syphilis. 

Those who have followed the accumulating literature of the newer studies of syphilis, 
have, of course, noted the extensive contributions of Chesney and Kemp to this subjeet and 
can appreciate, therefore, the fitness of the author for the thesis. 

While the present volume is small and compact it contains a wealth of information 
which, as far as I know, has not before been so suecinetly presented under one cover. 

Syphilis is recognized as a natural infection in man only, but, fortunately, can be experi- 
mentally produced, in its early stages, at least, in both monkeys and rabbits from studies 
upon which most of the newer concepts are founded. 

In the human being neither racial nor individual immunity exist although some varia 
tious in the degree of reactivity to the infection seem to exist. 

The syphilitic human being, however, gradually acquires a relative resistance against 
luetie virus which is more pronounced during the later stage of the disease. The production 
of active immunity by means of vaccination has not been accomplished. 

The mechanism concerned in the production of immunity in syphilis is not yet under- 
stood. 

Various antibodies, such as agglutinins, precipitins, and spirocheticidal substances, have 
been demonstrated in the serum of both man and animals, although their exact relation to 
immunity are not clear as yet. 

There is some evidence as to the biologie relationship of syphilis to yaws, though this 
is so far unsettled. 

The activities of the cells are of paramount importance, the antibodies in the blood 
being of minor importance, if any. 

The altered reaction capacity of the tissues, sometimes manifested by allergy, sometimes 
by anergy, may be functions of the defensive reaction. It is doubtful if spontaneous steril 
izing immunity in syphilis ever occurs. Man seems to be ineapable, unaided, of eliminating 
syphilitie infection although he ean react against it and influence its extent, the reaction, 
however, at best being incomplete. 

In thus touching upon the ‘‘high lights’’ of the thesis, but little justice is done to the 
vast amount of material upon which this small volume is based. 


’ *Immunity in Syphilis. 3y Alan M. Chesney, M.D., Johns Hopkins Medical School. 
Cloth. Pp. 85. Price $2.50. Williams and Wilkins Co., Baltimore. 

NoTE: In so far as practicable the book review section will present to the reader (a) 
interesting knowledge on the subject under discussion, culled from the volume reviewed, 
and (b) description of the contents so that the reader may judge as to his personal need for 
the volume. 

We trust that the scientific information printed in these pages will make the reading 
thereof desirable per se and will thereby justify the space allotted thereto. 
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The book is one of inealeulable interest to all coneerned with the study of syphilis 
whether from the clinical or laboratory point of view and should be purchased for its utility 
as a frequent source of reference. 

The typography and proof reading are excellent and almost devoid of error. 

Minor criticisms are directed toward what, in one sense, is a virtue of the volume—its 
compactness. So succinctly is the subject summarized, yet withal, so thoroughly, that the 
style at times, threatens to become laconie and one is tempted to hope that at some future 
time the author will expand the discussion. It is regrettable that there is no discussion of 
the effect of pregnancy upon the reaction to syphilis. 

In view of the wealth of material which is discussed and summarized in this little 
book, an index would enhance its utility as a source of reference. 

As it stands the volume deserves a place upon the bookshelf of every physician. 


Histologic Technic for Normal Tissues* 


HE aim of this book is to give, in a compact form, the chief methods employed in the 
p poten examination of human and other mammalian organs. 

Part I consists of a brief discussion of the structure and composition of the cell 
in its relation to histologie technic, and an outline of the methods employed in histology. 

In Part II there is a clear and excellent discussion of the fundamental principles of 
histologic technic, a very excellent section of ‘‘type methods’’ being described in detail. 

In Part III various accessory methods are described: dark-ground illumination, histo 
chemical tests, injection methods, and methods of vital staining all being very well covered. 

In Part IV methods for special organs, tissues, and cell components are presented 
in seriatim alphabetically, thus facilitating ready reference. 

This section is very well done as is also the final section, Part V, in which are given 
methods particularly applicable to morbid histology, including methods for the determination 
of microorganisms and other parasites. 

The book is not only well planned but well written and is well deserving of a place 


on the reference shelves of every laboratory. 


A Textbook of Bacteriology} 


N 1910 Hiss and Zinsser presented the first edition of a textbook on Bacteriology, in 
] which not only the laws and technic of bacteriology as illustrated by their application t 
the study of pathogenic bacteria were presented but also the complicated reactions taking 
place between the bacteria and their products on the one hand, and the cells and fluids of th 
animal body on the other were discussed from the standpoint of both student and prac 


titioner. 

The excellence of this volume led to its general use as a source of reference and it has 
long been recognized as a standard text, passing through many printings and five editions. 

This, the sixth edition, entirely rewritten and revised by Dr. Zinsser is dedicated to tl 
memory of Dr. Hiss and contains a section on the pathogenic protozoa written by Dr. E. PF. 
Tyzzer, Professor of Comparative Pathology in the Harvard Medical School. 

This textbook, the outgrowth of the Hiss and Zinsser familiar to all, requires no in 
troduction. As stated on the title page, it is not only a manual of bacteriologie technic «- 
applied to the study of diseases, but ‘‘a treatise on the application of bacteriology and 
immunology to the etiology, diagnosis, specific therapy, and prevention of infectious diseases 
for students and practitioners of medicine and public health.’’ 


*Histologic Technic for Normal Tissues, Morbid Changes, and the Identification 
Parasites. By H. M. Carelton, University Lecturer in Histology, Oxford, and F. Hayn: 
a nate” of Histology. Cloth. 17 figures. Pp. 398. Price $5.00. Oxford Universit 
ress. 

tA Textbook of Bacteriology. By Hans Zinsser, with a Section on Pathogenic Protoz: 
by E. E. Tyzzer. Cloth. Pp. 1053. 181 illustrations. 6th edition, rewritten, revised, a! 
reset. D. Appleton & Co., New York. 
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It is, therefore, a manual of infectious diseases and as such an invaluable source of 

information which should be in the hands of all who are in any way interested in disease. 
The revision has been very extensive and thorough as necessitated by the extensive 

studies in the bacteriology and immunology of infectious diseases since the first edition 







sixteen years ago. 
All of these studies and advances are reflected in the revision of the text which abounds 

throughout in practical applications to the clinical study of disease. 

The book is divided into the following sections: 







. General Biology of Bacteria and the Technic of Bacteriologic Study. (168 pages.) 
II. Infection and Immunity. (124 pages.) 

III. Pathogenie Microorganisms. (445 pages.) q 
IV. Diseases Caused by Filterable Virus, the Exanthemata, and Diseases of Uncertain 







Etiology. (60 pages.) 
V. The Higher Bacteria, Molds and Fungi. (32 pages.) 
VI. Bacteria in Air, Soil, Water, and Milk. (15 pages.) 
VII. Parasitie Protozoa. (107 pages.) 













This is an invaluable volume which none concerned with the study of disease can afford 


not to have at hand. 










Tuberculosis* 















N THIS, the second volume of Trudeau Foundation studies, the authors present the f 
| results of their studies and experience ‘‘to serve the needs of teachers, students, laboratory 
investigators, and technicians in tuberculosis institutions. ’’ B 
There are numerous texts concerned with tuberculosis; in few, however, will there be 
found so much practical and utilizable information, succinctly expressed, as is to be found i 
within the pages of this book. ; 
The description of the tuberele bacillus in Chapter II, though laconically expressed, f 
is extremely clear-cut. The technical methods for its isolation and study, clearly detailed t 
in Chapter IIT, are mainly those which have been thoroughly tried. This chapter will be 4 
read with avidity by laboratory workers as will also the section on Diagnostic Methods } 
(Chapter XIV) and that upon Serum Diagnosis (Chapter XV). 
It is to be hoped that future editions, in addition to the technic, will also present 
the authors’ evaluation of the methods described, especially the relatively newer procedures, 
such as the sedimentation and various flocculation tests. This would be a welcome addition " 
and one of value to those to whom this book is addressed. 
An excellent idea of the scope and character of the work is to be gained from the ; 
d 





headings of the remaining chapters: Infection in Experimental Tuberculosis; Histogenesis 
ind Development of the Primary Tubercle in the Lung; Reinfection; Immunity; Pre- 
disposition to Tuberculous Infection and Disease; Natural Tuberculous Infection; the 
Pathologic Anatomy of Human Tuberculosis—the Lung; Other Organs; Epidemiology; 
Prophylaxis; Tubereulin; and Experimental Therapy. 

All of these are considered in a most practical and usable way. One wishes, how- 
ver, that the chapter on experimental therapy, while clearly pointing out the technical i 
and experimental errors to avoid and thus greatly smoothing the path of the worker, had 
been broadened to include the results of the authors’ experience in this field for the 
guidance of others. 

This book deserves a place in the library of every physician, and, especially, those 
ho are interested or engaged in the study of tuberculosis. 

To the laboratory worker, whether particularly engaged in the study of tuberculosis 
are truly invaluable. 

The physical and typographie appearance of the book is excellent, and the illustrations 
or only as it is encountered in the clinical laboratory, will find the book invaluable. 


























*Tuberculosis: Bacteriology, 
Immunology, Epidemiology, Prophylaxis, and Experimental Therapy. By E. R. Baldwin, 
&. A. Petroff, and L. S. Gardner. Cloth. Pp. 342. 83 engravings, 4 colored plates. Price 


$4.50. Lea and Febiger. 
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EDITORIALS 


Anaerobic Streptococci and Puerperal Fever 
N 1843 Oliver Wendell Holmes, braving the medical Podsnaps of his day, 
published his epoch-making paper on Puerperal Fever. 

Mr. Podsnap, be it recalled, was that eminently respectable and highly 
self-satisfied individual in Dickens’ Our Mutual Friend who ‘‘settled that 
whatever he put behind him he put out of existence.’’ There was a dignified 
conclusiveness—not to add a grand convenience—in this way of getting rid 
of disagreeables which had done much toward establishing Mr. Podsnap in 

















his lofty place in Mr. Podsnap’s satisfaction. 
‘**T don’t want to know about it; I don’t choose to discuss it; I don’t 






9°99 





admit it 

Braving, then, the Podsnappery of his generation, said Oliver Wendell 
Holmes: ‘‘The disease known as puerperal fever is so far contagious as to be 
frequently carried from patient to patient by physicians and nurses.’’ 

On March 12, 1878, thirty-five years later, Pasteur first demonstrated in 
the blood of a woman sick with puerperal fever, the organism later to become 
familiar to physicians as the streptococcus and destined to be numbered among 
the most virulent of the bacterial causes of disease. 
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Nineteen years later, in 1867, Lord Lister first enunciated the principles 
of antisepsis whereby the incidence of puerperal as well as other infections 
was eventually largely to be controlled and prevented; and with the develop- 
ment of bacteriologie technic the detection and study of the bacterial causes 
of disease changed the whole theory and practice of medicine. 

There has always been discussion as to whether or not puerperal infection 
was a condition due to a pathologically specific organism, as is the case with 
diphtheria and typhoid fever, or an infection the bacterial etiology of which 
was governed by the flora of the genital tract normally present and intro- 
duced in one way or another into the uterus and thenee into the circulating 
blood. 

Undoubtedly there are many eases in which the purely saphrophytie 
organisms of the vagina have etiologic roles fortuitously thrust upon them, 
just as there are many more cases in which streptococci are consistently 
found. There are still other cases in which, despite the clinical evidence of 
bacteriemia, blood cultures are sterile, due, as has been suggested and will be 
discussed below, to the fact that anaerobie methods are not routinely used. 

In a study of the bacterial flora of the vagina Kroénig,’ in 1895, demon- 
strated the presence of anaerobic streptococci, a finding fully corroborated 
by the more extensive investigations of Wegelius® in 1908. At first regarded 
as saphrophytes, though later shown to be true parasites, the importance of 
these organisms in the production of puerperal infections was first emphasized 
in 1910 by Schottmiiller,? who deseribed an anaerobic streptococcus to which 
he gave the name Streptococcus putridus, which he proved was not a terminal 
or postmortem invader, and which he believed to be of extreme importance 
as a frequent factor in the production of puerperal infection, especially fol- 
lowing abortion. 

In recent communications Sehwarz and Dieckmann *° comment upon 
the paucity of American medical literature upon this subject, finding, up to 
1926, only the report of Little,” and but few references in the English litera- 
ture. 

It is their conviction that the importance of anaerobie streptococei in 
puerperal infection has been overlooked, and that the statements in textbooks 
referring to its occurrence as ‘‘oceasional,’’ and referring to Schottmiiller’s 
claims as ‘‘too sweeping’’ are unintentionally misleading because of the fact 
that but seldom are the blood cultures taken in this condition ineubated under 
anaerobie conditions. 

These convictions are based upon investigations by these authors com- 
meneing in 1924 at which time they began the systematie study of anaerobic 
blood and uterine cultures. 

In 165 uterine and blood cultures in suspected infected cases Streptococe- 
cus putridus was encountered 46 times and anaerobic streptococei, presenting 
slight cultural variations from Schottmiiller’s organism, were found 21 times, 
an ineidence of 51 per cent. 

In their second communication they report in toto their experience of 
twenty-six months, during which time in 200 blood cultures of 68 puerperal 
patients,—45 of whom had puerperal infection,—anaerobie streptococci were 
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found in 11 cases as compared with other pathogenic bacteria in 6 eases. 
Uterine cultures showed aerobic pathogens in 12 cases and anaerobic strep- 
tococci in 35 cases, more than one type of organism being isolated from either 
blood or uterus in comparatively few cases. In all these cases the organisms 
found in the blood were also found in associated lesions, such as endometritis, 
pelvie thrombophlebitis, ete. It thus appears that, if anaerobic cultures are 
employed, anaerobic streptococci will be encountered in puerperal infections 
with greater frequency than has hitherto been thought to be the case and that 
such cultural methods should be employed as a routine in the presence of this 
disease. 

Sehwarz and Dieckmann stress the practical importance of these findings 
in connection with the treatment of what is admittedly a disease of ominous 
prognosis and extremely high mortality. 

In many of the instances of puerperal infection due to anaerobic strep- 
tococci the organism remains confined to the endometrium. Early in the dis- 
ease, therefore, while the infection is rather superficial much can be done to 
limit its spread by digital (or blunt curette) removal of retained secundines 
or clots followed by potassium permanganate (1:4000) douches. 

The later spread of the infection and its transformation into a bacteri- 
emia is a sequel of uterine and pelvie thrombophlebitis, and when anaerobic 
streptococcemia oceurs the result is almost invariably fatal. 

Because of this fact Schottmiiller, at the suggestion of Bumm, proposed 
ligation of the ovarian and internal iliac veins when signs of progressive 
thrombophlebitis developed (repeated chills after emptying the uterus; tender 
bands in the parametrium). 

His results with this procedure were not very gratifying, and the method 
was in disrepute until again reviewed by Miller’ in 1917, and again reported 
upon by Baldwin‘ in 1922. 

In addition to emphasizing the necessity,—for the further advancement 
of knowledge of puerperal infection,—of routine anaerobic blood and uterine 
eultures, Schwarz and Dieckmann comment upon the value of blood transfu- 
sion and forced nutrition as means of supporting the patient, and conclude 
with the following statement: 

‘*We have come to the definite conclusion that we shall in the future 
eases of pelvic thrombophlebitis due to anaerobie organisms, particularly the 
Streptococcus putridus, attempt ligation of all pelvie veins. If the patient’s 
condition justifies further procedure we shall remove the infected uterus with 
the tubes and ovaries, both to remove the infection of the uterus and to limit 
the degree of pelvic edema which results from ligation of this kind * * * 
We feel now that if the best results are to be obtained from such a procedure, 
it must be done as soon as the organism has been recovered from the blood 


stream in connection with a chill.’’ 
Whether such a plan comprises a satisfactory method of an admittedly 
virulent and fatal infection, only the systematic studies of the future will tell. 
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—R. A. K. 


Approved Clinical Laboratories 


HE efforts of the American Medical Association in connection with the 

standardization of hospitals for approval have resulted, as is well recog- 
nized, in much that has been of value to the hospital pathologist and have 
greatly aided in the improvement of the equipment, personnel, and general 
atmosphere of the hospital laboratory. 

Largely as a result of the realization by the profession at large, and es- 
pecially by the clinical pathologists, of the necessity for a similar standardiza- 
tion of laboratories in general, a movement has been initiated to ascertain for 
the benefit of the patient and the use of the physician which of the almost 
innumerable laboratories now purporting to make clinical laboratory exam- 
inations for physicians are of a type and calibre warranting their utilization 
and support. 

As everyone knows, within recent years there has been, and especially in 
certain parts of the country, a veritable mushroom growth of laboratories, 
some of which are entirely commercial in their aspect, others inadequately 
equipped and manned, and still others catering to the laity, cultist, quack, 
and physician alike. 

It is certainly the desire of the physician to secure from the clinical path- 
ologist the best that clinical pathology has to offer in the study of the patient, 
and it is the contention of the pathologist that more than laboratory equip- 
ment or technical ability is required in the making of a pathologist who is in 
the last analysis, a physician practicing a specialized branch of medicine. 

Both the physician and the pathologist, therefore, must be, and should 
be, interested in the list of approved laboratories recently published in the 
Journal of the American Medical Association. 

It is to the interest, and should be regarded as the duty of every clinical 
pathologist : 

1. To sean the list carefully, 

2. To note if there are laboratories on the list which properly do not be- 
long there or others who should be listed but are not, 

3. To advise the Association of any pertinent facts or knowledge in his 


possession, 
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4. To secure copies of the questionnaire upon which qualification is based 
either for his own use or to place where needed, and 
5. Finally, to give to this long-needed movement all the support in his 


individual power. 

Particularly should this be done by the hospital pathologist who may 
emphasize the importance of this movement to the profession at large with- 
out ineurring the suspicion of advertising or ‘‘drumming up business.’’ 


—R. A. K. 














